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INTRODUCTION. 


IN  the  firft  and  fecond  Diffettations  of 
this  volume,  I acquit  in  part  the  promile 
I had  long  linee  made  in  my  Profpeftus  con - 
cerning  Animal  Re -pro  duci  ions.  In  that  piece 
I gave  intimation  of  my  difeovery  of  the 
pre-exiftence  of  the  germ  in  one  fpecies  of 
frog.  This  difeovery  is  related  at  length  in 
the  firft  differ tation.  That  fo  long  a fpace 
of  time  has  elapfed  fince  the  obfervation  was 
made,  I confider  as  a very  fortunate  circum- 
ftancej  for,  having  examined  other  animals, 
and  having  found  that  the  fame  thing  is  true 
of  them,  I have  ft  ill  ftronger  reafon  for  pre- 
fuming, that  the  exiftence  of  the  germ  in  the 
female  before  fecundation,  is  one  of  the  moft 
general  laws  of  nature.  While  we  are  in 
quell;  of  one  truth,  it  generally  happens  that 
others  offer  themfelves  as  it  were  fpontane- 
oully.  Accordingly  I have  been  led  by  the 
obfervations,  which  Ihew  the  pre-exiftence 
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of  the  germ,  to  difcover  that  an  order  of  ani- 
mals* conhdered  by  naturaliffs  as  oviparous, 
is  in  reality  viviparous. 

The  fubjedt  of  my  fecond  differtation  is  the 
artificial  fecundation  of  various  animals,  of 
which  the  firft  lines  may  be  feen  in  the  fame 
profpedtus.  This  was  accomplifhed  by  means 
of  femen  taken  from  them  ; and  thus  I have 
fucceeded  as  well,  as  if  the  male  himfelf  had 
performed  his  function. 

The  clofe  analogy  between  animals  and 
vegetables,  induced  me  to  enquire,  whether 
the  embryos  of  plants  exiff  in  like  manner  in 
the  ovarium  before  fecundation.  From  the 
third  differtation  it  will  appear  that  this  is 
really  the  cafe.  Thefe  enquiries  have  alfo 
convinced  me,  that  the  fecundating  duff  is  not 
fo  abfolutely  neceffary  as  botanifts  in  general 
fuppofe. 

The  fame  analogy  ought,  perhaps,  to  have 
led  me  to  attempt  the  artificial  fecundation  of 
plants  ; for,  though  leverai  have  undertaken 
fuch  experiments,  and  fucceeded  in  them,  I 
know  not  whether  any  one  has  done  this  with 
truly  philofophical  views,  and  in  order  to 
difcover  the  manner  of  this  wonderful  ope- 
ration. To  confefs  the  truth,  I would  not 
have  avoided  this  talk,  if  engagements  of 
another  nature  had  not  prevented  me.  I have, 
however,  exhorted  others  to  undertake  it,  and 

at 
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at  the  fame  time  have  propofed  fome  views 
that  may  fnew  the  way  to  fuccefs. 

It  is  faid  by  many,  that  fecundation  is 
among  the  myfleries  of  nature  j and,  like 
many  of  her  operations,  an  objedt  of  admira- 
tion, rather  than  of  enquiry.  Such  an  opi- 
nion is  highly  agreeable  to  the  idlenefs  of 
man.  In  times  pali:,  I acknowledge  that  ge- 
neration, both  in  animals  and  plants,  was  in- 
volved in  darknefs,  impenetrable  to  the  hu- 
man eye  ; but,  fince  the.  appearance  of  Haller 
and  Bonnet,  this  gloom  has  been  rendered 
much  lefs  thick.  I am  very  far  from  thinking 
that  I have  diffipated  it  entirely,  yet  I would 
fain  hope  that,  by  my  means,  it  has  been 
fomewhat  cleared,  and  that  a light,  lefs  feeble 
and  uncertain,  now  fhines  through  it.  The 
following  differtations  will  enable  the  learn- 
ed reader  to  judge  whether  this  opinion  is 
well  founded,  or  merely  the  offspring  of 
felf-love. 
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DISSERTATION 

CONCERNING  THE 

GENERATION 

O F 

CERTAIN  ANIMALS. 


CHAP.  I. 

GENERATION  OF  THE  GREEN  FROG. 

I.  rpHUS  I chufe  to  denominate  the 
X frog  in  queftion,  from  the  green 
hue  of  the  upper  part  of  its  body,  and  from 
its  living  in  water,  particularly  in  puddles 
and  ditches,  whereas  other  fpecies  live  on 
dry  land  and  trees  ; but  of  thefe  laft  I jfhall 
have  occalion  to  fpeak  afterwards. 

II.  The  head  of  the  male  is  furniflied 
with  two  membranous  veficles,  which  fwell 
very  much  when  the  animal  croaks.  The 
great  toe  of  the  fore  foot  has  a flefhy  promi- 
nence, which  becomes  very  perceptible  at  the 
feafon  of  their  amours  : the  female  is  deftitute 
of  thefe  parts,  and  has  the  back  and  thighs 
marked  with  black  fpots,  which  are  feldom 
vifible  in  the  male. 
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DISSERTATION  £ 

ni.  This  fpecies  is  not  to  be  confounded 
with  that  called  by  Roefel  ranci  vtridis  aqua- 
tica. A glance  of  his  beautiful  coloured  fi- 
gures, will  be  fufficient  to  Ihew  that  they  are 
totally  diftindt.  His  exceeds  all  other  frogs 
in  fizej  mine  is  the  fmalleft  of  all,  and  is 
fcarce^  fo  large  as  Roefel’s  ; befides  his  has 
three  yellow  ftripes  on  the  back  and  fides, 
which  in  mine  are  totally  wanting  (a). 

IV.  The  amours  begin  in  April,  and  end 
ix  May  ; they  are,  however,  influenced  by 
the  temperature  of  the  atmofphere  ; during 
their  continuance  the  males  maintain  an  in- 
ceifant  croaking.  In  autumn  and  winter  the 
immature  eggs  lie  all  in  the  ovarium,  which 
is  divided  into  two  lobes  ; thefe  lobes  confili 
of  lelfer  lobes,  each  of  which  is  inverted 
with  a peculiar  membrane.  The  eggs  are  of 
two  fizes  j fome  very  fmall,  fo  as  to  be  fcarce 
vifible  by  the  naked  eye  ; others  feven  or 
eight  times  larger  ; both  kinds  are  globular. 
The  fmaller  are  of  a livid  grey  colour  ; of 
the  larger  one  hemifphere  is  white,  and  the 
other  black.  The  flighted:  touch  is  fufficient 
to  burli  them,  after  which  they  are  relblved 
into  a cineritious  vifcid  liquor. 

V.  The  ovarium  of  this,  as  well  as  many 
other  fpecies,  appears  to  be  externally  cover- 
ed with  black  points,  which  have  been  the 
fource  of  a memorable  miftake  ; for  Valid- 
neri  (<£),  and  other  celebrated  natural  ills,  have 

{a)  This  eflèntial  difference  was  ftill  more  apparent 
when  I came  to  compare  mine  with  fome  of  Roefel’s, 
brought  me  by  the  fifhermen. 

(b)  Opere  fìfico- mediche.  T.  i.  OfTcrvazioni  intor- 
no le  rune, 

luppofed 
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fivppofed  them  to  be  the  rudiments  of  the 
tadpole.  The  error  arofe  from  their  being 
contented  with  firft  appearances,  and  fearch- 
ing  no  further  ; for  the  fpots  lying  clofe  to 
the  eggs,  might  eafily  induce  the  obferver  to 
believe  that  they  form  part  of  them,  and  are 
therefore  fo  many  fetuftes.  But  the  matter 
is  cleared  up  by  the  following  experiments  : 
i . When  the  common  membrane  is  removed, 
thefe  points  ftill  adhere  to  it.  2.  And  if  the 
eggs  are  infpeded  one  by  one,  both  externally 
and  internally,  no  veftige  of  this  black  fpot 
can  be  perceived.  If  the  membrane  of  the 
ovarium  be  examined  by  the  mifcr  r 


fpots  of  an  irregular  fhape.  They  are  not 
peculiar  to  this  membrane,  for  they  are  found 
in  the  area  of  the  mefentery,  and  upon  the 
heart. 

VI.  If  the  eggs  be  again  examined  in 
fpring,  we  fiali  fill  find  them  in  the  ova- 
rium, but  confiderably  enlarged;  (thofe  I 
mean  of  the  larger  fize,  IV).  and  they  will 
be  found  to  be  mature,  when  the  male  is 
coupled  with  the  female.  The  copulation  of 
this  fpecies  is  juft  like  that  of  thofe  obferved 
by  Swammerdam  and  Roefel  (a).  The  male 
climbs  upon  the  back  of  the  female,  and 
pafting  his  fore  legs  under  her  axilhe,  brings 
them  to  meet  upon  the  breaft,  and  there  clafp- 
ing  his  fingers,  holds  her  clofe,  till  /he  has 
di  (charged  all  her  eggs.  The  duration  of 
this  procels  is  inverfely  proportional  to  the 
warmth  of  the  atmofphere.  When  this  is 
tonfiderable,  the  female  will  be  free  in  five 


will  then  be  feen  that  thefe  points 


{a)  Biblia  Natura.  Hitt,  Nat.  Ranar. 
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or  fix  days  ; but  in  a cold  feafon,  the  em- 
braces of  the  male  continue  for  eight  or  nine 
days.  This  I learned  by  putting  frogs  in 
large  veffels  full  of  water,  when  their  amours 
were  about  to  commence,  and  confining 
them  till  they  had  brought  forth  their  eggs. 
And,  although  Vallifneri  afferts,  upon  the 
authority  of  a fingle  experiment,  that  frogs 
do  not  bring  forth  in  clofe  veffels,  it  is  cer- 
tain that  numberlefs  fadts  prove  the  contrary, 
as  I,  and,  before  me,  Swammerdam  and  Roe- 
fel  have  found. 

VII.  It  is  true,  as  he  afierts  in  another 
place,  that  the  female  does  not  difcharge  her 
eggs  when  fire  is  kept  conftantly  feparate 
from  the  male.  I fay  conftantly  ; for  if  they 
be  pulled  afunder  when  the  eggs  are  defend- 
ed into  the  cavity  of  the  uterus,  they  are  dif- 
charged,  though  the  female  is  kept  feparate, 
but  they  are  not  prolific. 

VIII.  If  the  fituation  of  the  eggs,  at  the 
time  of  copulation,  be  examined,  during  the 
firft  days  they  will  be  found  in  the  fac  of 
the  ovarium  ; and,  during  the  fucceeding, 
partly  in  the  ovarium,  and  partly  in  the  ovi- 
dudts,  and  at  laft  all  in  the  uterus,  except  the 
fmall  ones,  which  remain  attached  to  the 
ovarium.  The  eggs,  when  in  the  ovarium, 
are  fmaller  than  when  in  the  ovidudts  and 
uterus,  In  tfiefe  fituations  they  ai V enve- 
loped with  that  vifcid  tranfparent  muci- 
lage, which  is  improperly  called  frogs 
feed. 

IX.  Of  the  various  trials  I have  made,  in 
order  to  afcertain  whether  eggs  taken  from 
the  ovarium,  the  ovidudts,  and  the  uterus, 
when  the  male  is  embracing  the  female, 

would 
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would  be  prolific,  I mud  own  that  not  one 
has  fucceeded.  As  this  is  a point  of  extreme 
importance,  I repeated  my  experiments  to 
fatiety  ; and  in  my  journals  I find,  that  I have 
opened  one  hundred  and  fifty-fix  females 
while  they  were  embraced  by  the  male,  of 
not  one  of  which  did  the  eggs  ever  bring 
forth  young,  though  I immediately  placed 
them  in  water  ; whereas  thofe  that  were  ex- 
cluded fpontaneoufly  by  the  female,  were 
all  prolific.  I have  even  taken  further  pains. 
The  difcharge  of  eggs  lafts  about  an  hour; 
during  this  procefs  I killed  a female,  and  put 
the  eggs  that  remained  in  the  body  in  the 
water  into  which  thofe  difcharged  by  the 
animal  fell  ; but  the  latter  produced  tadpoles, 
while  the  former  became  an  offenfive  putrid 
mafs.  From  thefe  fadts  I concluded,  that  the 
fecundation  of  the  eggs  does  not  take  place 
within,  but  without  the  body;  whence  it 
appears  how  far  Linnasuswas  miftaken,  when 
he  pronounced,  in  his  ufual  decifive  tone, 
“ Nullam  in  rerum  natura,  in  ullo  vivente- 
corpore  fieri  fecundationem  vei  ovi  impreg- 
nationem  extra  corpus  matris  (a)/’ 

X.  Hence  we  likewife  fee  the  falfehood  of 
the  ft  range  opinion  of  profefior  Menzius, 
who  fuppofed  that,  while  the  male  embraces 
the  female  fo  clofely,  the  feed  is  emitted  from 
the  fle^  y prominence  of  the  toe,  and  palling 
through  many  windings  unknown  to  us,  pe- 
netrates into  the  thorax,  and  there  impreg- 
nates the  eggs  (<£), 

(a)  See  Artcdis  Ichthyology,  partii,  p.  32. 

( b ) Generatio  wapa  a'slo*  in  rana  confpicua. 
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XL  But  if  in  this  fpecies  fecundation 
takes  place  out  of  the  body  of  the  female, 
fliall  we  fuppofe  that  the  male  ejects  femen 
upon  the  eggs  as  they  are  difcharged  (a)  ? 
This,  with  refpedl  to  other  fpecies,  is  the 
opinion  of  Swammerdam,  and  adopted  by 
Roefel  ; though  he  afterwards  fays,  that  he  can- 
not determine  whether  the  eggs  in  the  uterus 
are  impregnated  by  the  femen  out  of  the  body. 
To  clear  up  this  point,  I have  paid  unremit- 
ting attention  to  every  phenomenon.  As 
foon  as  the  eggs  begin  to  be  difcharged,  the 
agitation  of  the  female  is  extreme  -,  _ fhe  darts 
backwards  and  forwards,  rifes  towards  the 
furface  of  the  water,  and  then  finks,  keeping 
the  hind  legs  conftantly  ftretched  out,  and 
croaking  in  a low  voice.  The  male,  that 
keeps  his  hind  legs  clofe  to  his  body,  throws 
himfelf  into  ftrange  contortions,  and  accom- 
panies the  croaking  of  the  female  with  a kind 
of  interrupted  noife,  which  I cannot  exprefs 
by  words.  I moreover  obferved,  that  anob- 
tufe  tumid  point,  which  I fufpefted  to  be  the 
penis,  was  elongated,  and  now  and  then 
brought  towards  the  eggs  neareil  the  vent  ; 
but  1 could  not  perceive  any  emiffipn  from 
this  fuppofed  penis.  The  lemen,  however, 
might  be  in  fuch  finali  quantity,  or  fo  tranf- 
parent,  as  not  to  be  vifible. 

XII.  To  determine  the  quefiion,  I placed 
feme  couples,  of  which  the  female  was  be- 
ginning to  difeharge  her  eggs,  in  empty 
vefieis.  As  I knew  that  in  thefe  amphibious 
animals  fecundation  always  takes  place  in 

(tf)  In  the  frog,  toad,  newt,  and  leverai  other  animals, 
the  eggs  are  difcharged  at  the  extremity  ol  the  alimentary 
canal. 

water, 
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Water,  my  hopes  from  this  expedient  were  not 
very  fanguine  ; but  fortune  was  more  propiti- 
ous than  I could  have  expected.  The  male  is 
fo  much  attached  to  the  female,  that,  not- 
withstanding he  is  taken  out  of  his  natural 
element,  he  perfifts  in  performing  his  office. 
I now  faw  that  there  fpirted  a fmall  jet  of 
limpid  liquor  from  the  tumid  point  in 
the  vicinity  of  the  anus,  upon  the  eggs 
hanging  out  at  the  vent  of  the  female* 
This  phenomenon  took  place  only  at  in- 
tervals, the  female  from  time  to  time  dif- 
continuing  the  difcharge  of  eggs,  and  the 
male  the  emiffion  of  femen.  I was  an  eye- 
witnefs  of  this  curious  fcene  in  feven  cou- 
ples of  frogs  fet  in  the  dry  ; it  did  not  en- 
tirely ceafe,  till  all  the  eggs  were  expelled 
from  the  uterus.  The  eggs  being  afterwards 
put  into  water,  and  bringing  forth  young, 
I hefitated  not  to  fuppofe,  that  the  liquor 
emitted  by  the  male  was  real  femen  ; as  I 
afterwards  found,  by  difcovering  it  in  the 
veficulai  feminales,  and  that  the  point  was 
the  penis. 

XIII.  The  abbe  Nollet,  alluding  in  a let- 
ter dated  nine  years  ago,  to  the  hint  in  my 
profpeftus,  of  my  difcovery  of  the  exigence 
of  the  tadpole  before  fecundation,  expreffes. 
himfelf  in  this  manner  : “ What  you  fay  of 
the  existence  of  the  tadpole,  before  we  can 
perceive  any  aft  of  fecundation,  has  particu- 
larly ftruck  me.  About  thirty  years  ago,  Mr* 
Reaumur  and  myfelf  made  many  researches 
relative  to  this  fubjeft.  We  attended  for 
weeks  very  diligently  and  patiently,  to  what 
paffied  while  the  male  embraced  the  female, 
I remember  putting  breeches  of  waxed  taf- 
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fety  on  the  male,  and  watching  a long  time, 
without  perceiving  any  appearance  mat  de- 
noted an  a 61  of  fecundation.” 

I will  not  here  flop  to  enquire  by  what 
fatality  it  happened,  that  two  naturalifts,  fo 
intelligent  and  attentive,  failed  in  their  en- 
quiries. The  idea’ of  the  breeches,  however 
whimfical  and  ridiculous  it  may  appear,  did 
not  difpleale  me,  and  I refolved  to  put  it  in 
practice.  The  males,  notwithftanding  this 
incumbrance,  feek  the  females  with  equal 
eagernefs,  and  perform,  as  well  as  they  can, 
the  aft  of  generation  ; but  the  event  is  fuch 
as  may  be  expefted  : the  eggs  are  never  pro- 
lific, for  want  of  having  been  bedewed  with 
femen,  which  fometimes  may  be  feen  in  the 
breeches  in  the  form  of  drops.  That  thefe 
drops  are  real  feed,  appeared  clearly  from  the 
artificial  fecundation  that  was  obtained  by 
means  of  them  (a). 

XIV.  Having  difcovered  every  thing  re- 
lative to  the  fituation  and  manner  of  impreg- 
nation, my  next  bufinefs  was  to  obferve  the 
eggs,  till  the  young  animal  fhould  appear. 
The  eggs  lie  in  the  centre  of  a white  muci- 
lage, which  confifts  of  tranfparent  fpherical 
maflfes  connefted  together.  Round  the  egg 
are  two  concentrica!  membranes,  of  which 
the  innermoft,  when  pierced  with  a needle, 
difcharges  a fluid  as  limpid  as  water.  The 
egg  is  round,  and  has  a fmooth  furface,  of 
which  one  hemifphere  is  black,  and  the  other 
white.  This  is  feen  at  Fig.  i.  Plate  I. 
N°  III.  fhews  fifteen  eggs,  with  their  mu- 
cilage; each  lies  in  the  midft  of  a circle, 

(a)  See  Diflertation  Vili. 
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made  by  thefe  membranes.  To  fee  the  other 
membrane  clearly,  the  gluten  mull  be  mag- 
nified as  at  N°  II.  C is  the  external,  B the 
internal  membrane,  and  D the  gluten. 

XV.  ,When  the  hot  leafon  is  far  advanced,^ 
the  obferver  foon  perceives  the  lineaments  of 
the  tadpole.  The  egg  grows  for  fome  hours 
without  lofing  its  round  fhape,  it  is  next  e- 
longated  ; the  white  hemilphere  becomes 
darker,  and  the  black  changes  into  a longi- 
tudinal furrow,  terminated  by  two  perpendi- 
cular procefies.  And  as  it  increafes  as  well 
in  bulk  as  length,  the  internal  circular  mem- 
brane is  dilated,  and  contains  more  fluid. 
Compare  N°  I.  fig.  2.  with  N°  II.  fig.  1 . 

By  tracing  thus  the  progrefs  of  the  evolu- 
tion, we  come  to  perceive  that  thefe  bodies 
are  not  eggs,  as  Naturalifts  fuppofe,  but  real 
tadpoles.  The  furrow  and  the  procefies  be- 
come longer  -,  the  fuppofed  egg  affumes  a 
pointed  figure  ; the  whitifh  hemifphere  di- 
lates, and  the  black  is  incurvated.  The 
pointed  part  appears  to  be  the  tail  of  the  tad- 
pole, and  the  other  the  body.  Further,  the 
oppofite  end  takes  on  the  appearance  of  the 
head,  in  the  fore  part  of  which  the  form  of 
the  eyes  is  vifible,  though  they  are  yet  clofed. 
The  two  procefies  alfo,  by  which  the  animal 
faftens  himfelf  to  bodies,  however  fmooth, 
when  it  is  tired  of  fwimming,  become  evi- 
dent, as  likewife  the  veftige  of  the  aperture 
of  the  mouth,  and  the  rudiments  of  the 
gills. 

XVI.  At  firfl:  the  tadpole  does  not  fliew 
any  figns  of  animation,  when  touched  with 
a needle,  or  fuddenly  expofed  to  the  rays  of 
the  fun',  even  when  concentrated  in  the  focus 

of 


i4  Dissertation  i. 

of  a lens,  he  does  not  become  fenfible  to 
thefe  impreffions,  till  his  organs  are  further 
unfolded  he  then  gradually  begins  to  move 
and  loofen  his  fetters  : at  this  time  it  appears 
clearly,  that  the  internal  circular  membrane 
is  the  amnios,  in  the  liquor  of  which  the 
tadpole  floats  ; the  umbilical  chord  at  laft  is 
feen,  and  becomes  hill  more  perceptible, 
the  firfl:  day  after  the  animal  has  quit- 
ted his  confinement.  The  cord  is  not,  as  in 
other  animals,  attached  to  the  belly,  but 
to  the  region  of  the  head.  A tadpole  at  the 
beginning  of  its  evolution,  is  reprefented  at 
N°  II.  fig.  2.  and  N°  I.  fig.  3.  in  which  at 
jg  appear  the  little  gills.  At  N°  II.  fig.  3.  is 
a tadpole,  magnified  with  its  back  turned  to- 
wards the  oblerver.  In  that  at  N°  III.  fig. 
3.  and  thofe  fig.  4.  is  feen  the  veftige  of  the 
eyes,  and  the  umbilical  cord  coming  out 
from  below  the  mouth. 

XVII.  The  reader  will  probably  be  fur- 
prized  at  this  defcription,  whence  it  appears, 
that  the  tadpole  does  not  come  out  of  the 
egg,  but  that  the  egg  is  tranfmuted  into  a 
tadpole  ; or,  to  lpeak  more  philofophically, 
that  the  egg  is  nothing  but  the  tadpole  wrap- 
ped up  and  concentrated  : in  conlequence  of 
fecundation  it  is  evolved,  and  aflumes  the 
lineaments  of  an  animal.  Thefe  phenomena 
were  new  and  unexpected,  for  I was  firmly 
perfuaded,  that  the  globules  of  two  colours, 
furrounded  by  mucus,  were  real  eggs  ; all  who 
have  written  concerning  the  generation  of 
frogs,  as  Jacobeus,  Valilherj,  and  Roefel, 
having  fo  denominated  them.  But  as  greater 
deference  was  due  to  what  nature  Ihewed  me 
fo  plainly,  than  to  the  authority  of  the  molt 
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celebrated  writers,  I am  obliged  to  call  thèfe 
globules  tadpoles  or  fetufes  inftead  of  eggs  ; 
for  it  is  improper  to  name  any  body  an  egg, 
which,  however  clofely  it  may  refemble  one> 
tak§s  the  fhape  of  an  animal  without  leav- 
ing any  (hell,  as  is  the  cafe  with  all  animals 
that  come  from  an  egg. 

XVIII.  But  it  was  of  importance  to  ex- 
amine by  experiment  thefe  globules  before 
fecundation,  and  while  yet  in  the  uterus. 
Upon  the  moft  rigorous  and  exaót  compari- 
fon  it  appeared,  that  not  only  the  fpheres  of 
mucus  exactly  refemble  each  other  in  iize  and 
nature,  and  "the  two  membranes  with  refpedt 
to  their  pofition,  fhape,  and  colour,  but  that 
the  unimpregnated  globules  are  not  by  any 
means  didinguifhable  from  the  impregnated 
ones.  Upon  feparating  the  mucus  and  the 
two  membranes,  they  appear  to  be  alike  fpo't- 
ted  with  white  and  black,  which  colours 
remain  in  fonie  meafure  when  the  evolution 
of  the  tadpole  is  complete.  The  perfect  ft - 
militude,  as  well  external  as  internal,  is  very N 
finking.  If  a globule  be  pierced  with  a. 
needle,  either  before  or -after  fecundation,  a 
femifluid  yellowifh  white  fubitance  oozes 
out:  if  the  aperture  be  énlarged,  the  whole 
internal  capacity  appears  to  be  filled  with  this 
matter,  which  lofes  its  fluidity  as  the  tadpole 
is  evolved,  every  day  acquiring  greater  con- 
fidence. If  the  globules  before  or  a little 
after  they  come  out  óf  the  uterus  be  put  into 
fipirit  of  wine  or  vinegar,  or  be  boiled,  and 
then  dripped  of  their  pellicles,  we  diali  find 
fo  many  indurated  mafie s,  which  when  cut 
through  appear  to  be  homogeneous.  If  we 
next  proceed  to  examine  the  external  parts, 
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the  pellicle  before  fecundation  is  thin  and 
tranfparent,  which  properties  it  retains.  After- 
wards, indeed,  as  the  tadpole  is  evolved,  it 
enlarges  and  thickens  juft  as  the  fkin  of  other 
animals  grows  with  their  growth.  As  the 
pellicle  is  made  to  adhere  to  the  infide  of  the 
globule  by  heat  or  vinegar,  fo  it  continues 
to  adhere  after  fecundation  ; and  it  adheres 
more  and  more  firmly  as  the  globules  lofe 
their  fhape,  and  acquire  that  of  the  tadpole. 

XIX.  Hence  the  identity  between  the  im- 
pregnated and  unimpregnated  globules  is 
manifeft.  But  the  former  are  nothing  but 
fetufes  of  the  frog,  therefore  the  latter  muft 
be  fo  too,  and  confequently  the  fetus  exifts 
in  this  fpecies  before  the  male  performs  the 
office  of  fecundation.  By  this  we  are  led  to 
other  confequences  of  no  lefs  importance, 
i . As  thefe  fuppofed  eggs  exifted  in  the  ova- 
rium before  their  defcent  through  the  oviduóts 
into  the  uterus,  and  long  before  fecundation 
(IV,  VIII),  the  fetus  exifted  in  the  mother’s 
body  long  before  fecundation.  2.  Although 
the  evolution  of  thefe  fetufes  is  never  fó  con- 
fiderable  and  quick,  as  after  fecundation,  it 
is,  however,  remarkable  before  ; for  let  it  be 
confidered,  that  the  fetufes  in  the  uterus  are 
above  fixty  times  larger  than  they  were  a year 
before,  when  they  adhered  to  the  ovarium,  as 
I have  found  by  comparing  them.  3.  Befides 
the  fetus,  the  amnios  and  umbilical  cord 
exift  before  fecundation. 


CHAP. 


DISSERTATION  I. 


17 


CHAP.  II. 

GENERATION  OF  THE  TREE-FROG. 

- I * 

XX. TN  this  and  the  following  chapters,  I 
X diali  be  brief,  and  diali  only,  to  ren- 
der the  hiftory  of  thefe  animals,  defcribed  in 
them,  more  compleat,  make  a few  additions 
to  Roefel's  account,  and  notice  fome  miftakes 
into  which  he  has  fallen. 

The  tree-frog  is  of  very  fmall  fize.  The 
back  is  of  a very  beautiful  green  colour.  A 
v ifcid  j uice,  that  oozes  out  from  its  feet, enables 
it  to  fatten  itfelf  to  the  fmoothett  bodies.  Du- 
ring the  fine  feafon,  it  fixes  its  abode  upon 
trees,  except  in  the  fpring,  when  it  defcends 
into  ftagnant  water,  in  order  to  propagate 
the  fpecies. 

XXI.  Though  the  male  mounts  upon  the 
back'  of  the  female,  and  embraces  her  very 
clofely,  he  does  not,  like  the  green  aquatic 
frog,  throw  his  arms  round  her  thorax,  but 
fattens  his  hands  under  her  axillae.  Hence  the 
females  efcape  thole  accidents  that  happen  to 
the  females  of  other  fpecies,  which  are  often 
killed  before  parturition,  by  the  violent 
draining  of  the  male,  as  appears  from  the 
contufions  and  lacerations  upon  the  bread. 

XXII.  The  copulation  of  this  fpecies  con- 
tinues lbmetimes,  according  to  Roefel,  three 
whole  days,  though  at  others  it  is  finished 
in  one  day.  Thole  which  I obferved  did  not 
continue  together  more  than  a few  hours. 
This  difference  I attribute  to  the  warmer 
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temperature  of  our  climate,  which  occafions 
more  lpeedy  parturition. 

XXill.  The  fame  naturali  ft  obferves,  that 
during  copulation,  the  female  plunges  at  in- 
tervals into  the  water,  and  remains  immerfed 
fometime:  during  which,  the  male  approxi- 
mates the  extremity  of  his  body  to  that  of 
the  body  of  the  female,  and  that  this  motion 
is  always  performed  with  greater  brifknefs, 
while  the  eggs  are  coming  forth.  He  con- 
feffes  that  he  could  never,  with  all  his  atten- 
tion, perceive  the  part  that  charadterifes  the 
male,  nor  any  liquor  emitted  for  the  fecun- 
dation of  the  eggs. 

XXIV.  Though  I could  never  difcover 
any  protuberance  or  papilla,  which  I could 
luppofe  to  be  the  penis,  yet  by  taking  the 
animals  out  of  water  (XII),  I have  been 
able  to  throw  further  light  on  this  interefting 
topic.  I obferved,  that  about  half  an  hour 
before  any  eggs  are  difcharged,  the  ardour 
of  the  male  became  extreme.  He  would 
frequently  flretch  out  the  pofterior  part  of 
his  body,  and  then  bring  it  into  contadi'  with 
that  of  the  female.  He  would  then  remove 
it,  and  foon  apply  it  again.  Theie  motions 
became  more  frequent  when  the  eggs  began 
to  be  difcharged:  and  continued  as  long  as 
they  continued  to  be  brought  forth. 

XXV.  During  this  procefs,  I could  not 
perceive  any  emiffion  of  femen ; but  upon 
lifting  up  the  hind  part  of  the  male,  I lav/ 
a tranfparent  liquor  ejedted  from  the  anus 
at  intervals,  which  I readily  concluded  to  be 
the  femen.  When  I made  ufe  of  the  breeches 
(XIII),  the  eggs  never  produced  tadpoles: 
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a'iid  the  breeches  were  wetted  with  femen 
as  before  (XIII). 

XXVI.  Are  the  eggs  in  this  fpecies  alfo 
impregnated  only  after  they  are  difcharged  ? 
I oblerved  a flight  variation  in  the  préfen  t 
cafe.  The  eggs  of  the  uterus  neareft  the 
anus,  are  fometimes  impregnated  before  they 
are  difcharged.  But  the  Angularity  of  the 
phenomenon  requires  that  I fhould  bea  little 
more  explicit.  Roefel  truly  obferves,  that 
in  the  female  of  this  fpecies,  the  eggs  de- 
fcend  into  the  uterus  before  (he  is  embraced 
by  the  male  : if  they  are  now  taken  out,  and 
fet  in  water,  they  all  putrefy.  This  alfo 
happens  if  they  are  taken  out  after  they  are 
coupled,  but  before  the  female  has  begun  to 
difcharge  any  eggs.  But  when  the  difcharge 
has  commenced,  if  the  female  be  opened,  and 
the  eggs  of  the  uterus,  and  thofe  near  the  vent, 
is  put  into  feparate  veflels  of  water,  feveral  of 
thelatterwillfometimesbefoundtobeproduc- 
tive,  whereasall  the  former  will  fpoil.  This  is  a 
I clear  proof,  that  the  femen  fometimes  pene- 
trates a little  way  into  the  body,  whether  it 
I is  projected  fo  far  by  the  male,  or  rather 
I whether  the  eggs  already  fecundated,  after 
I their  difcharge,  are  fometimes  retraced,  when 
I the  female  is  unexpectedly  feized  by  the  ob- 
I ferver,  and  ceafes  to  expel  any  more. 

XXVII.  The  eggs  are  Anali  in  proportion 

Ito  the  fize  of  this  fpecies  : one  nemifphere 
is  yellow  and  the  other  black  : when  they 
are  taken  out  of  the  oviduCts  or  uterus,  they 
are  enveloped  with  gluten,  which  circum- 
ftance  has  unaccountably  efcaped  the  obferva- 
tion  of  Roefel,  who  atterts,  that  the  gluten 
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is  notvifible  till  the  eggs  have  been  twelve 
hours  in  water. 

XXVIII.  Every  egg  is  furrounded  by  a 
fphere  of  mucilage,  as  in  No.  I,  II,  III.  of 
fig.  5.  pi,  1.  The  fphere  and  egg  undergo 
the  following  changes  in  water.  They  in- 
creafe  in  hulk,  and  at  the  fame  time  the  lat- 
ter is  elongated,  and  prefies  againlf  a circular 
membrane,  which  lies  within  the  mucus 
and  foon  pierces  it  ; as  the  elongation  in- 
creafes,  the  hole  is  enlarged,  till  at  lalt  the 
membrane  is  divided  into  two  concave  feg- 
ments  : within  which  appears  a fecond  circu- 
lar membrane,  of  much  finer  confidence, 
and  of  courfe  lefs  apt  to  ftrike  the  eye.  This 
membrane,  when  it  is  broken,  emits  a quan- 
tity of  liquor,  and  is  no  other  than  the  am- 
nios of  the  tadpole,  as  afterwards  more 
plainly  appears.  Meanwhile  the  two  feg- 
ments  feparate  entirely,  or  at  leali  cohere  but 
at  a few  points,  and  part  from  the  amnios 
without  growing  any  more  ; but  the  amnios 
becomes  thicker,  and  many  times  larger  than 
it  was  at  fir.fl  ; as  allo  does  the  egg,  on  the 
growth  of  which  depends  that  of  the  mem- 
brane. The  gradual  enlargement  is  as  fol- 
lows : 

XXIX.  When  it  has  become  fomewhat 
longer  and  bigger,  one  extremity  thickens,, 
and  the  other  becomes  thinner.  While  the 
obferver  is  intent  on  thefe  changes,  he 
is  furprized  with  the  motion  of  the  egg; 
it  fometimes  turns  round,  now  and  then 
writhes  itfelf,  fometimes  it  brings  together 
its  two  extremities,  and  then  llretches  itfelf 
and  returns  to  its  original  polition.  To  thefe 
unexpected  appearances  another  equally  unex- 
pected 
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pedted  fucceeds  : from  the  larger  end  two  pro- 
cedes  fprout  and  fugged:  the  idea  of  the  pro- 
tuberances, by  means  of  which  the  tadpole 
attaches  itfelf  to  bodies  (XV);  above  thefe  ap- 
pear two  tumours,  which  recall  to  the  memory 
the  lhape  of  eyes  ; they  appear  diftindtly  in  a 
day  or  two,  and  it  then  becomes  neceffary  to 
luoftitute  the  notion  of  a tadpole  in  the  place 
of  that  of  an  egg.  Let  the  reader  call  his 
eye  on  No.  IV.  Fig.  5.  and  he  will  fee  a 
fphereof  mucus,  the  inclofed  membrane  and 
the  tadpole  not  yet  evolved.  No.  I,  II,  III. 
Fig.  6.  reprefents  the  membrane  dividing  into 
two  fegments,  which  when  they  are  entirely 
parted,  leave  the  tadpole  No.  IV.  at  liberty, 
which  appears  bent  No.  VI.  Meanwhile 
the  amnios  is  feen  in  the  dotted  circle  I.  full 
of  liquor,  in  which  the  tadpole,  floats.  The 
two  fegments  are  ftill  plainer  at  Fig,  7.  where 
two  amniofes  are  feen  diftindtly,  one  of  which 
is  entirely  feparated  from  the  fegments. 

XXX.  But  dq  thefe  tadpoles  exift  before 
fecundation  as  in  the  foregoing  fpecies  ? To 
determine  this  queftion,  I had  only  to  make  a 
rigorous  comparifon  between  the  fuppoled 
eggs,  after  and  before  impregnation,  and  I 
analyfed  them  in  the  fame  exadt  and  careful 
manner  as  I had  others  (XVIII),  and  found  the 
molt  perfedt  refemblance  betv/een  them  3 
whence  it  was  neceffary  to  conclude,  that  the 
fetus  exifts  in  the  female  of  this  fpecies 
alfo  before  impregnation, 

XXXI.  Thefe  fetufes  are  further  evolved, 
though  ftill  inclofed  in  the  amnios,  where  they 
continue  longer  than  thofe  of  the  green 
aquatic  frog  3 the  time  is  commonly  fix  or 
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feven  cUyg  ; then  the  rudiments  of  the  gills 
begin  to  (hoot.  At  firft  they  fwim  flowly, 
but  as  their  limbs  acquire  greater  ftrength 
and  vigour,  their  motions  become  brifker. 
Fig.  8.  reprefents  two  tadpoles  at  the  time  of 
quitting  the  amnios,  magnified  by  the  microf- 
cope  : their  gills  are  feen  at  A A. 

XXXII,  Upon  comparing  thefe  obferva- 
troris  with  thofe  of  Roefel,  I cannot  but  dif- 
fent  from  him.  The  fum  of  what  he  fays 
on  the  generation  of  the  tadpoles  of  the  tree- 
frog  is  as  follows. 

XXXIII.'  At  firft  the  impregnated  eggs 
grow  in  bulk  only  ; then  the  tadpoles,  which 
now  feem  to  confi  ft  chiefly  of  belly,  though 
the  head  and  tail  may  be  clearly  difcerned,  ap- 
pear diftindtly,  Every  tadpole  floats  in  the 
white  (the  mucilage  that  furrounds  it 
XXVIII).  The  belly  is  formed  by  the  yolk, 
fo  the  author  calls  that  which  is  generally 
denominated  the  egg.  At  the  tail  appears  a 
yeftcle,  and  afterwards  another  (from  his 
figures  thefe  feem  to  be  the  two  fegments 
XXVIII)  ; thefe  vellcles  then  feparate,  and 
one  remains,  at  the  head  and  the  other  at  the 
tail.  Roefel  conjedtures,  that  the  tadpole 
now  endowed  with  motion  and  life,  takes  its 
nouriftiment  from  the  veftcle  at  its  head,  but 
he  confefles  that  he  does  not  know  the  ufe  of 
the  other. 

XXXIV.  Though  it  is  true,  that  the  tad- 
pole has  at  firft  a large  belly,  it  is  falfe,  or  at 
leaft  a very  improper  expreftion  to  fay,  that 
the  belly  is  chiefly  formed  of  the  yolk,  lìnee 
the  yolk  is’  the  animal  itfelf  (XXIX)  ; it 
would  not  be  lefs  ‘ abfurd  to  fay,  that  the 
• ' ” belly 
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belly  of  an  animal  confifts  of  the  animal  it- 
felf. 

XXXV.  The  defcription  of  the  appear- 
ance of  the  two  vehicles,  Ihews  that  he  did 
not  make  his  obfervation  with  fufficienl  dili- 
gence : he  probably  made  it  at  intervals  ; 
otherwife  he  muft  have  perceived  that  they 
were  originally  a fphere,  which  is  divided  in- 
to two  legments  by  the  efforts  of  the  tad- 
pole ; consequently  they  did  not  appear  one 
after  the  other,  but  both  exifted  at  the  fame 
time  (XXVIII). 

XXXVI.  if  he  had  taken  them  up  with  a 
forceps,  he  would  have  found,  that  they 
cannot  be  fuppofed  to  pourifh  the  tadpole, 
for  as  foon  as  they  appear,  which  is  when 
the  fphere  is  divided,  they  may  be  remgyed 
without  injury  to  the  young  animal. 

XXXVII.  The  part  really  neceffary  to  this 
animal,  and  of  which  the  removal  is  fatal, 
is  the  amnios,  within  the  liquor  of  which 
it  at  firft  floats  (XXVIII,  XXXI).  As  Roefel 
does  not  mention  the  amnios,  it  muff  have 
been  unknown  to  him;  and  although  this 
membrane  is  found  in  every  fpecies  of  frog  and 
toad,  not  the  leaft  mention  is  made  of  it  in 
his  hiftory  ; this  circumftance  the  more  fur- 
prized  me,  Ance  it  did  not  efcape  the  dili- 
gence of  Swammerdam,  in  whole  footfteps 
the  German  naturaliff  profeffes  to  tread. 

XXXVIII.  He  has,  however,  remarked 
an  accident,  which  happens  to  tadpoles  that; 
die  in  the  amnios,  or  as  he  expreffes  it  to 
eggs,  that  are  not  prolific  : they  become 
fometimes  pointed,  fometimes  pear-lhaped, 
lometimes  oblong,  and  at  others  narrow  in 
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the  middle,  and  fo  on.  Four  fuch  tadpoles 
are  represented  in  Fig.  5.  at  A B C D. 

XXXIX.  The  tadpoles  of  this  fpecies  re- 
quire great  attention.  They  mult  be  kept, 
not  merely  in  clean  water,  but  in  that  which 
is  taken  from  the  places  where  the  males  and 
females  meet,  as  from  ditches  and  puddles 
(XX).  This  precaution  was  not  abfolutdy 
neceffary  for  other  frogs  and  toads  ; well 
water  being  Sufficient  in  thefe  cafes. 


CHAP.  III. 

GENERATION  OF  THE  TO  AD, DENOMINAT- 
ED by  Roesel,  Bufo  terrestris 

DORSO  TUBERCUL1S  EXASPERATO, 
OCULIS  RUBRIS. 

XL.^TpHOUGH  Roefel  mentions  but 
X one  fpecies  of  this  ugly  and  dif- 
gufting  animal,  I incline  to  believe,  that  in 
this  country  there  are  two;  this  opinion  is 
founded  on  a difference  in  the  external' con- 
figuration ; not  to  mention  a difference  in  co- 
lour, fome  having  their  backs  and  Sides  of  a 
light  cineritious  hue,  with  tubercles  of  a tan 
colour,  and  others  of  a pale  green,  with  tu- 
bercles of  a dark  red.  But  notwithstanding 
this  difference,  I Shall  Speak  of  them  as  one 
fpecies,  for  in  what  relates  to  generation, 
there  is  the  moft  perfect  limili tude. 
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XL I.  Of  the  whole  clafs  of  frogs  and  toads 
with  which  I am  acquainted,  none  begin 
their  amours  fo  foon  as  the  fpecies  in  quef- 
rion  : they  are  found  coupled  in  the  begin- 
ning of  March,  and  fometimes  in  February, 
before  all  the  fnow  is  melted,  and  while  the 
water  in  many  places  is  yet  covered  with  ice. 
The  male  being  about  five  times  fmaller  than 
the  female,  cannot  nearly  bring  the  toes  of  his 
fore  feet  to  meet  over  the  bread:,  acircumftance 
before  noticed  in  the  green  water-frog  (VI). 
He,  however,  holds  her  fo  fad,  that  ihe  can 
by  no  means  difengage  herfelf  from  his  em- 
braces. The  females  have  often  got  out  of 
the  vefiels  in  which  I kept  them,  and  efcaped 
to  a confiderable  didance,  but  the  males  hill 
kept  their  fi tuation. 

XLII.  The  eggs,  as  well  as  in  toads  as 
frogs,  lie  at  fil'd:  in  the  great  facs  of  the  ova- 
ria,  whence  they  get  fir  If  into  the  ovidudts, 
and  then  into  the  uterus.  In  which  òf  thefe 
three  fituations  are  they  in  the  female  toad 
with  red  eyes,  and  dorfal  tubercles,  at  the  be- 
ginning of  her  amours  ? I have  found  that 
they  are  indeed  in  the  ovaria,  but  ready  to 
pafs  into  the  ovidudts.  Copulation  lads 
till  they  are  difcharged,  which  happens  in 
ten,  twelve,  or  fourteen,  and  fometimes 
twenty  days,  if  the  feafon  be  cold.  Such  is 
the  ardour  of  the  males,  that  after  the  dif- 
charge  is  finifhed,  and  they  have  quitted  the 
female,  they  will  return  to  her  again,  and 
embrace  her  for  feveral  hours.  This,  how- 
ever, is  not  peculiar  to  toads.  I have  often 
feen  it  happen  in  frogs. 

XLIII.  The  male,  during  the  whole  time, 
makes  a kind  of  grunting  noife,  which  I 
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never  heard  except  at  the  feafon  of  his  a- 
mours.  This  noife  becomes  louder,  when- 
ever attempts  are  made  to  pull  him  away,  or 
when  any  other  tcad  comes  near  ; which  he 
moreover  obferves  with  a jealous  eye,  and 
endeavours  to  drive  away  by  throwing  out  his 
hind  legs. 

XLIV.  If  the  belly  of  the  female  be  at- 
tentively obferved  after  feveral  days  of  copu- 
lation, it  will  be  feen  to  move  in  a very  ex- 
traordinary manner  : it  dometimes  dilates  to- 
wards the  bread:,  which  dilatation  pafles  gra- 
dually downwards  ; at  others  the  dilatation 
begins  at  the  bottom  of  the  belly,  and  pro- 
ceeds upwards.  During  thefe  agitations,  the 
female,  now  about  to  bring  forth,  evidently 
fufTers  confiderable  pain,  probably  on  account 
of  exclufion  of  the  eggs  from  the  ovaria, 
and  their  paffage  through  the  windings  of 
the  ovidudts,  and  into  the  large  cavity  of  the 
uterus  ; for  the  two  lad:  mentioned  places  will 
be  found  to  contain  eggs,  if  the  female  be 
opened  during  thefe  alternate  dwellings. 

XLV.  In  frogs  the  eggs  are  foon  dif- 
charged  ; but  in  toads  this  is  a very  tedious 
procefs.  Two  cords,  confiding  of  a vifcid 
tranfparent  matter,  and  containing  a num- 
ber of  black  globules,  which  are  the  eggs 
come  out  from  the  vent,  and  are  excluded 
do  flowly,  that  the  eye  cannot  diftinguifh 
any  movement  in  them;  hut  in  a few  hours 
they  meadure  deveral  feet. 

Thefe  cords,  confiding  of  eggs  and  gluten, 
certainly  receive  their  form  in  tneovidudts,  as 
in-aprefs;  which  may  be  feen  upon  opening  the 
female, as  foon  as  they  have  advanced  alittle  way 
into  tho.de  canals.  The  time  requifite  for  the 
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difcharge  is  quite  uncertain;  the  longeft  I 
have  oblerved  was  fmifhed  in  thirty,  and  the 
ftiorteft  in  nine  hours  ; it  lafts  generally  above 
twelve.  A piece  of  thefe  cords  is  reprefented 
at  Fig.  9.  Plate  II.  Fig.  10.  fhews  a fmaller 
portion  magnified. 

XLVI.  Two  entire  cords  meafured  forty- 
three  Paris  feet  ; the  number  of  eggs  amount- 
ed to  one  thoufand  two  hundred  and  feven  : 
hence  we  cannot  be  fur  prized  that  the  female, 
after  the  exclufion  of  the  eggs,  fhould  be- 
come fo  much  fmaller. 

XLVII.  Since  the  ardour  of  the  males 
is  fo  great,  that  they  do  not  abandon  the 
females,  even  when  they  make  their  ef- 
cape  (XLI),  it  was  natural  to  fuppofe,  that 
they  would  alfo  continue  their  embraces 
when  I removed  them  from  the  ftagnant  or 
llowly  running  waters,  where  they  aflemble 
towards  the  end  of  fpring,  in  order  to  propa- 
gate the  lpecies  (XLI).  to  a dry  and  confined 
place,  where  I could  watch  the  manner  in 
which  fecundation  takes  place.  I will  re- 
late what  I obferved  during  many  long  and 
tedious  infpedtions. 

XLVIII.  As  foon  as  the  female  begins  to 
difcharge  the  mucous  cords,  the  male,  that 
before  lay  clofe  and  collected,  fpreads  him- 
felf,  and  flretches  his  hind  legs  backwards 
towards  thofe  of  the  female,  ftill  holding  her 
bread:  clofe  with  his  fore  legs.  This  change 
of  pofture  enables  him  to  reach  the  cords 
with  the  extremity  of  his  body,  and  to  be- 
dew them  with  femen. 

XLIX.  And  this  is  not  done  by  a forcible 
cmifTion,  but  by  fimple  contadi  ; for  where - 
pyer  the  cord  is  touched,  it  appears  juld 

moiftened, 

t • > . * 


28  DISSERTATION  I. 

mòi  Itene  d,  as  if  with  a pencil  clipped  in  fome 
tlu  id. 

L.  The  male,  after  having  repeated  this 
many  times,  with  various  contortions,  be- 
comes weary,  collects  his  body,  and  draws 
his  hind  legs  clofe  to  his  belly.  Meanwhile 
a frefih  portion  of  cord  is  difcharged,  and 
then  the  male  refumes  his  employment,  and 
afterwards  again  returns  to  his  repofe.  And 
thus  he  goes  on,  till  all  the  eggs  are  im- 
pregnated. 

LI.  That  the  adt  of  fecundation  confilts  in 
this  approximation  of  the  extremity  of  the 
body  to  die  eggs,  and  bedewing  them,  ap- 
pears from  the  following  proofs  : Firib  if 
the  female  be  killed  while  Ine  is  difcharging 
the  eggs,  of  tiiofe  which  lie  in  the  uterus 
and  ovidudts,  not  one  will  be  prolific,  though 
they  be  kept  in  proper  water  ; whereas  al- 
inoli: all  the  others  that  have  been  moillened 
with  the  feminal  fluid,  at  their  exclufion 
from  the  vent,  will  grow.  Secondly,  If 
during  the  difcharge  the  irroratimi  Ihould 
be  interrupted,  either  by  means  of  breeches, 
(XIII).  or  by  the  near  approach  of  the  ob- 
ferver,  (for  then  the  male  through  fear  will 
bring  his  hind  legs  and  thighs  clofe  to  his 
body)  the  portion  of  eggs  then  excluded  will 
be  barren,  while  the  reft  will  be  found  to 
have  been  fecundated. 

LII.  Thefe  lalF  fadts  clearly  evince,  that 
in  thefe  animals  likewife  fecundation  takes 
place  without  the  body  of  the  female. 

LIII.  But  may  not  the  bodies,  which  have 
hitherto  been  called  eggs,  be  tadpoles  not 
yet  unfolded  ? and  if  fo,  do  they  exifl  before 
impregnation,  as  in  frogs  (Chap.  I.  and  II.)  ? 

Thefe 


29 


DISSERTATION  l 

Thefe  problems  were  yet  to  be  folved,  and  re- 
quired a jfbort  analyfis  of  the  eggs. 

LIV.  They  are  black,  and,  to  the  naked 
eye,  and  even  when  a weak  magnifier  is  ufed, 
appear  to  be  globular  (Fig.  9,  10.  Plate  II). 
when  examined  with  a glafs  of  greater  power, 
they  feem  to  be  marked  with  four  furrows, 
which  interferì  each  other  at  right  angles, 
nearly  like  the  hulk  of  a cheffnut  half  open- 
ed, (Fig.  11.)  : though  the  furrows  are  not 
bare,  but  covered  with  a very  fine  tranfpa- 
rent  membrane,  which  paffes  very  tight  round 
the  reft  of  the  egg.  When  this  is  taken 
away,  we  come  to  the  fkin  of  the  egg  ; it  is 
black,  and  is  lacerated  by  the  flighted:  touch  ; 
as  is  alfo  the  infide,  which  is  almoft  fluid,  of 
a brownifh  white  colour,  and  apparently  ho- 
mogeneous ; the  particles  appear  globular, 
when  obferved  by  the  microfcope. 

LV.-  Such  is  the  form  and  compofition,  as 
far  as  the  eye  can  difcover  it,  both  of  the  eggs 
that  have  been  difcharged  and  fecundated, 
and  of  thofe  that  are  taken  from  the  uterus 
andovaria;  excepting,  that  the  latter  are  deffi- 
tute  of  the  mucous  gluten,  fmaller,  and  not 
fo  black. 

LVI.  Wherefore,  if  we  rely  upon  the  in- 
formation of  the  fenfes,  we  muff  conclude, 
that  there  is  no  effential  difference  between 
the  impregnated  and  unimpregnated  eggs. 

LVII.  If  weoblerve  the  changes  produced 
in  the  former,  as  we  have  before  done  in 
frogs,  we  finali  find  that  they  are  immature 
fetufes,^  and  exifl  before  impregnation.  They 
foon  affume  the  form  of  thofe'little  animals; 
fir-ft  becoming  thicker,  then  longer, and  after- 
wards growing  thin  at  one  extremity,  viz. 
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the  tail,  and  becoming  round  at  the  other* 
from  which  fpring  two  appendixes,  viz.  the 
gills  ; and  in  thefe  the  circulation  of  the 
blood  is  very  confpicuous,  as  well  as  at  the 
edge  of  the  body.  At  Fig.  14.  may  be  feen 
feveral  of  thofe  little  bodies,  lofing  the  fliape 
of  an  egg,  and  afluming  that  of  the  tadpole  ; 
they  are  further  advanced  at  Fig.  15.  Fig.  .12. 
diews  fome  of  thefe  corpufcles,  lofing  in- 
deed the  form  of  the  egg,  but  not  affuming 
that  of  the  tadpole,  and  fpoiling  ; this  ap- 
pears more  at  large  at  Fig.  13  : thefe  were 
never  fubjeded  to  the  influence  of  the  fecun- 
dating fluid. 

LVIII.  While  the  tadpole  is  thus  evolved, 
the  thin  membrane,  of  which  we  fpoke  at 
LIV.  is  enlarged  in  proportion  ; this  mem- 
brane is  the  amnios,  and  contains  a liquor, 
in  which  the  fetus  is  feen  to  float;  it  may  be 
found  in  the  uterus  (LIV,  LV).  and  there- 
fore exifts  before  impregnation. 

LIX.  Though  the  blood  circulates  in  the 
fetus  (LVII).  and  the  heart  mud  therefore 
beat,  yet  not  the  fmalleft  motion  can  be 
excited,  either  by  pun  dure,  or  any  other 
mode  of  irritation  ; it  is  not  till  the  organs 
have  acquired  fome  confidence,  that  the  ani- 
mal begins  to  move;  in  a few  days  after 
this  period  it  burds  the  amnios,  and  fwims 
about. 
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GENERATION  OF  THE  FETID  TERRES- 
TRIAL TOAD. 

LX. HIS  fpecies,  which  does  not  much 
X exceed  in  fize  the  green  aquatic  frog, 
(III)  . agrees  in  fome  particulars  with  that 
denominated  by  Roefel  Bufo  terrifixis  fceti- 
dus,  but  differs  in  fo  many  others,  that  it 
muft  be  reckoned  a fpecies  totally  diftinCt. 
They  are  both  nearly  of  the  fame  fize,  and 
when  irritated  emit  an  offenfive  fmell  ; they 
moreover  agree  in  colour,  (the  belly  being  of 
a white,  inclining  to  a green  in  both,  and 
the  back  to  yellow)  ; if  we  except  a lift  of  a 
golden  yellow  colour,  which,  in  the  fpecies 
of  Roefel,  runs  along  the  fpine,  but  in  mine 
does  not  appear.  But  the  effential  difference 
confifts  in  the  ab  fence  of  the  web  that  con- 
nects the  toes  of  fo  many  other  amphibious 
and  aquatic  animals  belides  frogs,  from  the 
fpecies  defcribed  by-  the  German  naturali!!  ; 
in  that  of  which  I am  about  to  treat,  it  is 
very  vifible,  and  of  very  great  fervice  in  fwim- 
ming.  The  fecond  difference  lies  in  the  pro- 
gredì ve  motion  upon  dry  ground,  thofe  of 
Roefel  advancing  without  rifing  from  the 
ground  ; muris  injiar  is  his  phrale  ; whereas 
mine  leap  like  frogs.  Laftly,  a difference 
of  fpecies  may  be  deduced  from  the  differ- 
ence of  the  voice,  which,  in  the  former,  is 
exadtly  like  that  of  the  green  tree-frog,  and 

conlifts 


32 


DISSERTATION  T. 

confifts  of  a loud  fcreaming,  but  in  the  latter 
is  a kind  of  continued  whiftle. 

LXI.  The  female,  in  the  two  other  fpe- 
cies  of  terreftrial  toad,  is  five  times  as  big  as 
the  male  (XLI).  But  in  this  fpecies  the 
male  is  fcarce  one  third  fmaller  than  the  fe- 
male, when  Ilie  is  about  to  exclude  the  eggs  ; 
afterwards  they 'are  nearly  of  the  fame  fize. 
They  alio  agree  in  colour  ; but  the  upper 
part  of  the  body  of  the  female  is  adorned 
with  cineritious  fpots  and  lifts,  from  which 
arile  fome  very  beautiful  red  tubercules. 

LXII.  Toads  of  this  fpecies  live,  on  dry 
ground  all  the  year,  except  during  the  feafon 
of  copulation  ; at  which  time  they  repair  to  the 
water  of  pools,  ponds,  puddles’,  ditches  ; 
never  to  rivers,  torrents,  qr  quick  currents. 

LXIII.  They  repair  to  the  water  when 
the  fpring  is  pretty  far  advanced,  in  May,  or 
at  the  beginning  of  June.  Their  amours  laft 
above  a month  ; not  that  the  male  embraces 
the  female  fo  much  longer  than  others,  the 
contrary  is  rather  true  ; but,  during  all  this 
time,  pairs  may  be  found  coupled  ; fome  be- 
ginning earlier,  and  others  later,  according 
as  they  are  inftigated  by  their  internal  feel- 
ings. The  lame  thing  happens  in  the  two 
other  fpecies  of  toad,  the  aquatic  and  tree- 
frogs,  fifties,  and  all  animals  that  have  a 
fixed  feafon  for  their  amours. 

LXIV.  By  comparing  paragraph  LXIII. 
with  XLI.  the  reader  will  perceive  the  great 
difference  of  time  at  which  the  two  other 
fpecies  of  toad,  and  that  which  is  the  fubjedt 
of  this  chapter,  begin  to  propagate  ; whence 
we  may  infer,  that  they  are  natural Iv  different. 
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The  former  begin  early  in  March,  as  foon  as 
the  rigour  of  winter  is  a little  abated  ; where- 
as the  latter  requires  a warm  temperature. 
If  the  weather  fuddenly  changes*  the  foetid 
terreftrial  toad  abandons  the  bulinefs  of  gene- 
ration, and  retreats  to  dry  ground.  I was  eye- 
witnefs  of  a lingular  fadt  which  may  be  related 
on  this  occafion.  At  the  end  of  May,  1777»  I 
perceived  upon  the  furface  of  a large  pool 
great  numbers  of  this  fpecies,  fome  of  which 
had  difcharged  their  eggs  ; others  were  dis- 
charging them,  and  others  were  only  juft 
coupled;  all  were  in  motion,  and  l'o  intent 
upon  their  employment,  that  they  fuffered 
themfelves  to  be  taken,  without  attempting 
to  efcape.  The  males,  like  the  green  aqua- 
tic frogs,  clafped  the  bread:  of  the  females 
very  tight  with  their  fore  feet,  and  made  a 
low  grunting  noile,  not  unlike  that  of 
the  two  other  fpecies  (XLIII).  The  fky 
was  clear,  and  in  the  Iliade  the  mercury 
ftood  at  1 6°  (a),  when  an  unexpected  rain 
fell  for  two  days,  and  cooling  the  air,  dil- 
perfed  all  the  toads,  l'o  that  when  I came  on 
the  fecond  day  of  the  rain,  to  catch  fome  for 
my  experiments,  to  my  furprize  I could  not 
find  one.  I foon,  however,  was  aware  that 
they  had  quitted  the  water,  to  conceal  them- 
fclves  in  the  crevices  of  a neighbouring  wall, 
where  they  continued  till  the  atmofphere 
becoming  warmer,  invited  them  again  to 
thr  dq]  . 


V.  It  is  the  opinion  of  many  natura- 
ls, that  the  male  toad  embraces  the  female 
for  forty  days;  and  fome  think  that  this  is  me 


(a)  Sixty-eight  of  Fahrenheit. 
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cafe  alfo  with  the  frog  ( a) . Having  obferved. 
that,  in  like  circumllances,  the  duration  of 
copulation  is  inverlely  as  the  heat  of  the  at- 
mofphere,  I can  eafily  believe  that  this  may 
be  the  cafe  in  cold  countries.  In  temperate 
climates,  as  with  us,  it  is  far  otherwife. 
The  tree-frog  embraces  the  female  a few  hours 
(XXII),  the  aquatic  about  a week  (VI)  ; the 
two  former  fpecies  of  toad  longer,  on  account 
of  the  early  commencement  of  their  amours. 
It  will  therefore  eafily  be  believed  that,  for 
a contrary  reafon,  the  embraces  of  the  fpecies 
In  queftion  do  not  laft  long,  four  or  five  days 
for  inftance. 

Nothing  can  be  more  falacious  than  the 
male.  He  not  only  adheres  mod;  tenaciouily 
to  the  female,  but  does  not  even  quit  her  for 
fome  time  after  the  exclufion  of  the  eggs. 
If  ' he  is  feparated  by  force,  he  returns  to  his 
lituation  immediately,  though  kept  in  a nar- 
row veffel,  and  under  the  eye  of  the  ob- 
ferver. 

LXVI.  About  the  feafori  at  which  thefe 
animals  meet,  I procured  a large  quantity, 
and  fet  them  in  veffel s almoff  full  of  water,  a 
male  and  female  in  each  veffel.  In  fome  I 
put  only  a female.  They  were  foon  coupled, 
fome  fooner  and  others  later.  In  two  females 
that  were  opened  twelve  hours  after  the  male 
had  begun  to  embrace  them,  the  eggs  had 
not  yet  quitted  the  o varia  ; in  one  that  had  been 
coupled  two  days  and  a half,  the  fame  phe- 
nomenon occurred.  In  another,  that  was 
opened  at  the  end  of  the  third  day,  fome 
eggs  had  entered  the  ovidubts,  and  thofe 
neareft  the  uterus  were  furrounded  by  mu- 
cus. Before  the  conclufion  of  the  fourth 
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’day,  the  eggs  of  two  other  females  had  all 
defcended  into  the  uterus,  and  were  com- 
pletely iurrounded  by  gluten.  The  ovaria 
now  contained  only  fmall  and  immature  eggs. 
Thefe  obfervations  were  made  upon  females 
embraced  by  the  male  ; though  the  folitary 
ones  were  kept  for  a fortnight,  the  eggs  con- 
tinued in  the  ovaria. 

LXVII.  While  I was  engaged  in  thefe  ex- 
periments, a lingular  phenomenon  occurred, 
which  mud;  not  be  palled  over  in  fiience.  Of 
two  females  that  were  opened  on  the  foiirth 
day  of  copulation,  I found  the  eggs  of  one 
in  the  abdomen,  and  of  the  other  partly  in 
the  abdomen,  and  partly  in  the  thorax.  This 
accident  may  eafily  be  explained.  The  eggs 
were  without  gluten,  and  therefore  could  not 
have  palled  through  the  long  windings  of 
the  cvidudts,  and  had  either  never  been  taken 
into  them,  or  the  ovaria  perhaps  burli,  and 
hence  they  would  fall  both  into  the  fuperior 
and  inferior  cavity.  Such  a rupture  may 
eafily  be  conceived  to  happen,  if  we  confider 
the  prelfure  made  by  the  male  again  ft  the 
region  of  the  breaft  oppofite  the  ovaria. 

LXVIII.  I have  already  faid,  thattheeggs 
about  tobe  excluded havingpafied  through  the 
canal,  provided  by  Nature  for  that  purpofe, 
were  found  in  the  uterus  on  the  fourth  day 
(LX VI).  In  the  greater  part  of  thofe  that 
were  confined  in  my  veffels,  they  began  to 
make  their  appearance  at  the  vent  on  the 
^th  day  in  the  term  of  cords,  as  in  the  other 
ipecies  (XLV).  Thefe  cords  continue  to  be 
very  llowly  expelled  till  the  uterus  is  empty, 
which  always  happens  before  the  feveiith 
day.  Meanwhile  the  male  brought  the  ex- 
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tremity  of  his  body  towards  them,  from 
which  iifued  a fmall  jet  of  liquor;  this  was 
the  femen,  as  evidently  appeared  from  thofe 
portions  of  cord  that  were  fprinkled  with  it, 
bringing  forth  tadpoles,-  whereas  the  others 
fpoil  and  turn  putrid.  In  like  manner  the 
whole  length  of  the  cords  produced  nothing 
Vvlieli  the  male  was  cloathed  with  breeches 
(XIII),  or  parted  from  the  female  as  foon  as 
the  eggs  began  to  be  excluded. 

LXIX.  As  the  eggs  that  were  not  moift- 
ened  with  the  feminal  fluid  after  they  were 
difcharged,  were  unproductive  (LXYIII),  I 
may  confidently  infer,  that  fecundation  takes 
place  without  the  body  of  the  female.  I have 
moreover  frequently  taken  pieces  of  cord  out 
of  the  uterus,  and  placed  them  in  water,,  but 
never  did  I fee  one  egg  productive;  this 
obfervation  is  likewife  applicable  to  the  eggs 
that  were  delcending  through  the  long  wind- 
ings of  the  oviduCts*  Hence  might  be  in- 
ferred the  phyflcal  impoflibility  of  the  eggs 
which  were  fhcd  in  the  cavities  of  the  tho- 
rax and  abdomen  being  prolific  (LXYII),  as 
experiment  decifively  proved. 

LXX.  The  cords,  upon  examination,  ap- 
pear to  confiti  of  an  alinoti  innumerable  ie- 
ries  of  eggs,  each  at  a fmall  diitance  from 
the  other:  they  are  connected  by  gluten, 
which  always  enclofcs  the  fetufes  of  the  frog 
and  toad,  and  which  is  prepared  in  the  cavi- 
ty of  the  oviduCts,  for  in  them  the  fetules, 
before  naked,  are  inverted  with  it.  The  great 
refemblance  between  the  phamcmena  ex- 
hibited by  the  tadpoles  that  I am  about  to 
defcribe,  and  by  thofe  already  dele  ri  bed 

(Chap. 


6 


DISSERTATION  I. 


37 

(Chap.  Ill),  renders  a reference  to  figures 
unneceffary. 

I was  curious  to  know,  whether  the  glu- 
ten is  neceflary  to  the  growth  of  the  egg,  I 
therefore  removed  it  entirely  from  fome,  and 
from  others  only  in  part,  without  injuring 
the  amnios,  which  in  this  as  well  as  in  other 
fpecies  of  frogs  and  toads,  is  very  confpicu- 
ous.  Thofe  which  were  quite  Gripped  of 
their  gluten,  never  brought  forth  young,  but 
the  others,  to  which  a portion  was  itili  left 
adhering,  were  prolific.  When  the  amnios 
began  to  fpoil,  it  was  a certain  fign,  that' 
the  egg,  though  yet  found,  would  fpoil. 

LXXI.  In  this  fpecies  the  little  bodies, 
which  we  have  hitherto  called  eggs,  are  tad- 
poles in  miniature,  as  the  following  proofs 
may.  ferve  to  fihew.  They  are  not  broken  like 
other  eggs,  to  allow  the  inclofed  animal  to 
pals  out,  while  they  themfelves  become  an 
empty  and  u felefs  fihell,  but  undergo  no  other 
change  than  an  increafe  of  bulk,  becoming 
llender  at  one  extremity,  at  which  the  tad- 
pole loon  appears,  and  round  at  the  other, 
which  the  eyes,  the  mouth  and  gills  foon 
fihew  to  be  the  head;  at  length  life  appears 
in  thefie  fetufes,  they  break  through  the  am- 
nios and  lwim  about  the  water;  juft  as  the 
fetufes  of  the  other  frogs  and  toads,  which 
likewife  have  at  fidi  the  lhape  of  eggs.  The 
advanced  feafon  caufes  the  tadpoles  of  this 
lpecies  to  exhibit  their  different phafes  in  lefs 
tnan  three  days,  whereas  others  being  brought 
forth  at  an  earlier  period,  require  a longer 
lpace  of  time. 

LX XII.  During  the  evolution,  I analyfed 
thel'e  corpufcles  with  the  utmofit  care,  and 
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compared  them  both  internally  and  externally 
with  others  in  the  uterus  and  ovidudts,  but 
could  perceive  no  difference  except  in  fize. 
F rom  this  identity  then  it  may  be  concluded, 
that  as  thefe  corpufcles  are  real  tadpoles  with- 
out the  body  of  the  female,  they  are  fo  alfo 
within  it,  and  by  confequenee,  that  the  fe- 
tus exifts  in  the  female  before  the  concurrence 
of  the  male. 

LXXXII.  This  is  alfo  true  of  the  amnios, 
for  1 have  found  that  membrane  furrounding- 
the  fetus,  when  in  the  uterus  ; it  is  then, 
indeed,  in  contadi 'with  the  fetus,  and  does' 
not  contain  any  liquid;  when  they  are  ex- 
cluded, it  is  at  fome  diftance,  and  full  of  its 
proper  fluid.  In  like  manner  there  is  reafon 
to  believe,  that  the  umbilical  cord  exifts  be- 
fore fecundation.  This  organ  is  indeed  not 
vifible,  when  the  tadpole  floats  in  the  liquor 
of  the  amnios,  yet  it  probably  exifts,  fince 
ft  is  attached  by  one  end  to  the  lower  part  of 
the  head  of  the  animal,  and  by  the  other  to  the 
amnios,  from  wrhich  it  afterwards  ieparates, 
and  adheres  a little  while  longer  to  the  tad- 
pole; it  then  decays  by  little  and  little,  and  is 
at  laft  quite  obliterated. 

LXXIV.  I have  obferved,  that  in  order  to 
rear  thefe  animals,  I immediately  put  them 
into  water,  imitating  in  this  the  example  of. 
the  female.  I added,  that  except  for  the 
tree-frog,  well  water  would  fuffice,  that 
fpecies  requiring  it  to  be  taken  from  certain 
ponds  or  ditches  (XXXIX).  To  thefe  pre- 
cautions, I muft  lubjoin  two  others,  for  the 
fake  of  thefe  who  may  be  defirous  of  repeat- 
ing my  experiments.  Firft,  Theveflels  muft 
not  be  kept  in  too  warm  a place,  cold  being 
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lels  hurtful  in  thefe  experiments  than  heat  : the 
two  firft  Ypecies  are  produced  before  the  clofe 
of  winter,  and  the  water  of  the  velfels  in  which 
I kept  them  has  been  frozen  to  a confiderable 
deptn,  without  doing  any  hurt  to  the  tad- 
poles. I twice  increafed  the  cold,  fo  that  al- 
inoli: all  the  water  was  frozen,  but  the  tadpoles 
never  buffered,  except  when  the  mucus  itfelf, 
in  which  they  were  enveloped,  was  frozen  ; 
which  never  happens,  but  in  a degree  of  cold 
far  exceeding  the  point  of  congelation.  On 
the  contrary,  whenever  I left  them  fome 
hours  expofed  to  the  fun,  when  the  thermo- 
meter flood  at  350,  the  greater  part  was  fure 
to  perilh. 

The  next  precaution,  not  lefs  important 
than  the  preceding,  confifts  in  often  changing 
the  water  of  the  veffels  5 if  this  be  negledted, 
evolution  will  not  begin,  or  if  begun  will 
Hop  ; this  happens  in  conference  of  the 
gluten  becoming  putrid,  from  which  a pe- 
netrating miafma  infinuates  itfelf  into  the 
tender  and  delicate  fetus,  and  deftroys  it  either 
before  it  fhews  any  figns  of  life,  or  after  it 
has  given  tokens  of  animation. 

In  order  to  obferve  exadtly  the  amours  of 
confined  frogs  and  toads,  it  is  neceffary  to 
place  fomething  to  obftrudt  the  view  of  thefe 
falacious  animals,  between  the  veflel  and 
the  obferver,  otherwife  they  are  difturbed  at 
the  fight  of  a perfon  Handing  over  them,  and 
either  do  not  begin  to  celebrate  their  nuptials, 
or  leave  them  half-finilhed. 

Nice  and  faftidious  perfons  may  perhaps  be 
dilgufted  at  the  frequent  mention  of  an  ani- 
mal fo  loathfome  as  the  toad.  They  would 
doubtlefs  have  been  better  plea  fed  with  re- 
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marks  on  fuch  creatures  as  are  morefamiliar, 
and  may  be  handled  without  abhorrence..  But 
whoever  purpofes  to  explore  Nature,  conceives 
not  difguft  or  predilection  for  any  of  her  pro- 
ductions, but  examines  all  indifferently,  well 
knowing,  that  the  ideas'of  what  is  difagree-  . 
able,  naufeous , &c.  ape  not  in  Nature  but. 
the  imagination  ; for  every  creature,  how 
vile  and  horrible  foever  it  may  appear,  has 
its  proper^  beauty  and  grandeur^  and  is  the 
proper  objeCt  of  admiration,  fince  it  is  the 
work  of  the  fupremè  Architect.  This,  did 
not  efcape  the  fage  Petrarch,  who  lings. 

Tutte  le  cole  di  che  ’1  Mondo  è adorno  " 

Ufcir  buone  di  man  del  Maftro  Eterno.- 

LXXV.  I will  clofe  the  chapter,  by  no- 
ticing a faCt  mentioned  by  the  illuftrious 
Bonnet  in  his  Corps  organises , and  connected 
with  the  prefent  fubjeCt.  He  tells  ys,  that 
he  knew  a pool,  which,  after  remaining  dry, 
for  fome  time,  was  flored  with  the  fame  kind 
of  fidi  that  it  contained  before,  nor  could  he 
difcover  how  they  came  into  it j Inftead  of 
having  recourfe  to  fifties  accidentally  drop- 
ped by  cranes  for  the  explanation  of  the  pha2-  . 
nomenon,  he  conjectures,  that  the  fupply 
came  from  fecundated  eggs  that  had  lain  in 
the  mud  without  being  fpoiled.  The  in-  , 
ftance  of  a fpecies  of  tufted  polype,  dis- 
covered by  the  immortal  Trembfey,  of  which 
t.h‘e  eggs  may  be  hatched. by  putting  them.- 
into  water/after  they  have  been  kept  four 
months  in  the  dry,  affords  a remarkable 
foundation  for  his  conjecture;  which  he fur- 
ther confirms  by  the  famous  worms  of  rick - 
etty  corn;  thefe,  it  is  well  known,  after 
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having  been  dried  for  many  years,  will  move 
again  as  well  as  at  firft,  if  they  are  barely 
wetted.  Defirous,  however,  on  this  as  well 
as  on  all  other  occafions,  of  ascertaining  the 
truth,  the  philbfdpher  of  Geneva  wifhed  that 
his  conjecture  might  be  Subjected  to  the  teft 
of  experiment,  and  that  it  might  be  tried, 
whether  eggs  of  fillies  can  be  hatched  after 
having  been  kept  fome  time  in  the  dry. 

As  loon  as  I had  read  the  work,  I made  the 
experiment,  but  without  fuccefs.  Of  the 
eggs  of  three  fpecies  of  fillies,  which  I kept 
in  the  dry  for  a month,  not  one  brought  forth 
young;  indeed  this  appeared  to  be  impoffible, 
for  moll;  of  the  eggs  were  deformed  and 
fpoiled  by  defecation.  Several  years  after- 
wards, being  engaged  in  experiments  relative 
to  the  generation  of  toads  and  frogs,  I put 
tadpoles  recently  excluded  to  the  fame  trial, 
and  with  the  fame  ill  fuccefs.  Hence.it  ap- 
pears, that  in  order  to  explain  the  phasnome- 
non  related  by  Mr.  Bonnet,  we  cannot  have 
recourfe  to  the  fuppofition,  that  eggs  may 
be  long  kept  in  the  ary.  And  I am  Itili  more 
inclined  to  this  opinion,  from  having  ob- 
served, that  the  eggs  of  fillies  and  tadpoles, 
newly  laid  in  a Shallow  place,  perilh  irre- 
trievably if  they  continue  in  the  dry  for  a few 
days,  notwithlfanding  they  are  afterwards  put 
in  water. _ 1 fay  for  a few  days , for  tadpoles  do 
not  die  if  they'  continue  but  a little  while 
out  of  water.  I put  fome  tadpoles  juft  ex- 
cluded into  a dry  glafs;  for  two  or  three  days 
the  evolution  went  on,  they  began  to  allume 
their  true  lliape,  and  even  to  Ihew  ligns  of 
life,  but  thefe  appearances  dimini  Hied  gra- 
dually, and  at  laft  they  Ihrivelled  up  and  be- 
came 
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came  disfigured  amid  the  mucus,  which  was 
itfelf  turned  into  a kind  of  hard  glue. 

LXXVI.  But  how  then  are  we  to  explain 
the  appearance  of  fi  flies  where  there  were 
none  once,  and  where  we  know  that  frefh 
ones  have  not  been  brought  ? The  purport  of 
this  didertation  does  not,  as  is  evident,  lead 
me  to  the  dilution  of  this  phenomenon, 
which  was  only  mentioned  incidentally. 
And  if  I was  obliged  to  treat  of  it,  it  would 
rather  be  to  fugged  doubts  concerning  its 
reality,  than  account  for  it.  W e know  not 
how  any  fifhes  have  got  into  places  that  were 
once  dry,  and  are.  now'  covered  with  w^ater, 
but  is  it  therefore  certain  that  they  did  not 
get  there  ? Are  we  lure  that  nobody  put  them 
there  ? Is  it  clear  that  they  themfelves  have 
not  found  fome  fubterraneous  way,  or  un- 
perceived rill  ? .Mud  we  not  of  neceflity 
draw  fome  fuch  conclunon,  fince  it  is  certain, 
on  one  hand,  that  the  dried  eggs  of  fifhes  are 
deril,  and  on  the  other,’  that  they  come  only 
from  eggs. 


CHAP.  V. 


GENERATION  OF  THE  WATER-NEWT,  Q£ 
SALAMANDER. 

LXXVII.  fk  /T  Y oblervat  ions  were  made  upon 
IVI  two  fpecies  of  newt.  One 
has  the  low'er  part  of  the  body  tinged  writh  a 
very  beautiful  orange  colour,  interfperfed 

\yitl\ 


DISSERTATION  L 43 

•* 

tvith  black  fpots  of  an  irregular  fhape  ; the 
ildes  and  back  have  a ferruginous  ground 
with  grey  ftreaks  ; the  length  of  this  fpecies 
is  four  inches  and  upwards,  and  the  thicknefs 
about  fix  lines'.  The  other  fpecies,  befides 
being  111  or  ter  and  lefs  bulky  in  proportion, 
is  distingui  died  from  the  former  by  a lift  of  a 
golden  yellow,  which  bounds  the  ridge  of 
the  tail,  and  in  females  paffes  upwards  along 
the  fpine,  and  reaches  as  far  as  the  head.  In 
both  "thefe  fpecies  the  males  differ  from  the 
females,  not  indeed  in  the  external  parts  of 
generation,  which  are  alike  in  each  lex,  but 
in  being  provided  with  a dentateci,  membra- 
nous prominence,  running  longitudinally 
along  the  middle  of  the  back  ; as  alio  in 
a double  filver-coloured  band,  which  adorns 
the  tail  of  the  male,  but  is  not  perceptible 
in  that  of  the  female.  Thefe  two  forts 
of  newts  are  the  fame  which,  in  refearches 
of  another  nature,  were  the  fubjedts  of  thofe 
beautiful  experiments  on  the  .reproduction  of 
the  limbs,  the  circulation  of  the  blood,  and 
other  interfiling  topics,  difculfedin  my  other 
works  already  published. 

LXXVIII.  During  fpring  andfummer  thefe 
little  quadrupeds  live  in  ftagnant,  never  in 
running  waters;  at  the  approach  of  winter 
they  conceal  themfelves  underground,  with- 
in the  clefts  of  Hones,  and  even  in  vaults  ; 
many  of  them,  however,  abide  in  the  water 
during  the  whole  winter,  and  more  efpeci- 
ally  in  fuch  as  arifes  from  fubterraneous 
fprings,  and  preferves  a fenfible  degree  of 
warmth  in  the  keenefl  colds.  Hence  it  ap- 
pears, that  our  newts,  though  in  general  na- 
tives 
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fives  of  water,  and  therefore  denominated 
aquatic  by  me,  are,  however,  capable  of  liv- 
ing, and  in  reality  do  live  upon  dry  ground  -3 
and  for  this  reafon  they  may  alfo  be  juflly 
termed  amphibious . 

LXXIX.  The  comparative  fiate  of  the 
feafon  at  which  they  difappear  from  the  wa- 
fers (either  defcending  to  the  bottom,  or  elfe 
tranfporting  themfelves  to  dry  ground, 
LXXVJII)  in  autumn,  and  of  that  at  which 
they  re- appear  on  the  approach  of  fpring,  is 
worthy  of  notice.  Before  the  middle  of 
October,  while  in  our  climate  the  thermo- 
meter in  the  diade  has  fcarce  fallen  fo  low  as 
temperate,  they  all  or  almofl  all  retire  out  of 
fight,  and  are  loft  j whereas,  on  the  other 
hand,  they  begin  to  mafie  their  appearance, 
either  by  rifing  to  the  furface  of  the  water, 
or  fwimming  in  it  towards  the  middle  of 
February  or  thereabouts,  although  at  this 
time  it  continues  to  freeze  almofl  always  du- 
ring the  night,  and  in  the  day-time  the  ther- 
mometer in  the  fhade  is  leverai  degrees  below 
temperate.  Now  whence  arifes  this  early  dif- 
polition  in  newts  to  quit  their  retreats,  while 
the  winter  is  not  yet  over,  whereas  in  autumn 
they  go  in  quell  and  take  poffeffion  of  them, 
notwithftanding  the  feafon  long  continues 
mild  ? Does  it  fpring  from  the  ftimulus  of 
hunger  produced  by  their  long  fall  during 
the  winter  months  r Or  may  it  more  juflly 
be  imputed  to  another  principle  not  lels 
adii  ve  than  hunger,  viz.  that  by  which  the 
individuals  of  different  fexes  are  determined 
to  feek  each  other  for  the  purpofe  of  propa- 
gating the  fpccies  ? It  is  at  lean  certain,  that 
in  fpite  of  the  goldnefs  of  the  feafon,  which, 
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however,  prevents  them  from  (hewing  fuch 
vivacity,  fuch  fire  and  alertnefs,  as  they  after- 
wards difplay,  the  males  begin  to  chafe  the 
females,  to  furround  and  to  carels  them  in 
their  manner,  a circumftance  which  is  never 
obferved  except  at  the  time  of  their  amours. 

LXXX.  Thefe  appearances  in  February 
are,  however,  only  preludes  to  their  future 
nuptials.  Thefe  are  properly  celebrated  in 
March,  and  till  about  the  middle  of  April  ; 
this  however  depends,  as  we  have  already  feen 
in  frogs  and  toads,  on  the  greater  or  lefs 
warmth  of  the  feafon,  which  accelerates  or 
retards  their  amorous  encounters.  Thefe  en- 
counters are  conducted  in  this  manner  : the 
male  purfues  the  female,  which  at  firft  makes 
a fhew  of  flying,  but  foon  flops  of  her  own 
accord.  He  then  approaches  her  in  fuch  a 
manner,  that  the  lower  part  of  his  head 
comes  in  contadi  with  the  upper  part  of  the 
head  of  the  female  ; and  this  is  done  while 
the  animals  are  in  fuch  a pofture,  that  their 
bodies  form  an  angle,  of  which  the  point  is 
made  by  the  union  of  the  two  heads.  Some- 
times, however,  the  polition  varies  • fome 
males,  inftead  of  placing  their  head  on  that 
of  the  female,  only  join  muzzle  to  muzzle; 
the  bodies  of  the  male  and  female  are  always 
near  together,  fo  that  the  angle  made  by  the 
two  heads  or  muzzles,  is  always  very  acute. 
Then  the  male  eredts  that  dentated  mem- 
branous prominence  which  lies  on  his  back 
(LXXVII),  agitates  it  in  a ftrange  manner, 
and  moves  it  from  left  to  right,  nearly  as  a 
mettlefome  ftallion  waves  his  mane  ; the 
male  allo  moves  his  tail  brifkly,  bends  it  in 
a tortuous  manner,  and  as  he  waves  it  about, 
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fixikes  very  gently  the  Tides  of  the  female* 
which  continues  without  motion.  Some- 
times the  male,  in  order  to  preferve  his  po- 
rtion, and  at  the  fame  time  to  lafh  the  female 
with  his  tail,  grafps  with  the  toes  of  his  fore- 
feet the  grafs  at  the  bottom  of  the  ditch,  or 
fmall  twigs,  or  whatever  elfe  will  ferve  for 
a fupport,  remaining  always  immerfed  in 
water  along  with  his  companion  : and  while 
he  thus  gently  lathes  the  female  with  his 
tail,  he  emits  from  the  aperture  of  the  anus; 
now  unufually  tumid  and  dilated,  a copious 
jet  of  femen,  which  mixes  with  the  water; 
and  thus  diluted,  arrives  at  the  anus  of  the 
female,  which  likewife,  on  this  occafion,  ap- 
pears more  enlarged  as  well  as  wider  than 
ufual.  In  this  important  operation  then,  the 
anus  of  the  male  is  never  in  contadi  with  that 
of  the  female,  which  alfo  always  maintains 
a greater  orfmaller  difiance,  and  never  thews 
any  part  at  all  charadteriftic  of  her  fex.  After 
the  male  has  ejected  this  jet  of  femen,  he 
refis  for  a while,  on  fonie  qccafions  quitting 
the  female;  he  then  returns  to  his  employ- 
ment, and  repeats  the  contortions  of  the  tail, 
and  theeréiffion  of  femen.  I havefeen  thefe  al- 
ternations continue  more  than  an  hour;  and 
when  they  are  engaged  in  this  employment, 
they  may  be  approached  and  taken  with  the 
hand,  alinoli  without  being  aware  of  what 
happens  to  them.  And  fometimes  the  male, 
from  his  agitations  and  contortions  between 
the  fingers,  throws  out  a fmall  portion  of 
femen,  which  is  of  a very  white  colour,  and 
in  confifience  refembles  thick  milk. 

LXXXI.  I firtl  obferved  thefe  curious  fads 
in  places  where  the  newts  naturally  afiemble 
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and  fport  together,  viz.  in  ponds,  ditches, 
puddles,  &c.  afterwards  I obferved  over  again 
the  fame  things  at  home  in  veflels  full  of 
water,  more  eommodioufly  and  with  equal 
fuccefs,  exaótly  in  the  fame  manner  as  I had 
obferved  the  generation  of  frogs  and  toads. 
I found  that  this  fingular  mode  of  impreg- 
nation takes  place  in  both  the  fpecies  of  newt 
which  I have  defcribed  (LXXVIII).  Upon 
the  whole  it  appears  then,  that  copula- 
tion is  not  neceflary  to  the  fecundation  ot 
thefe  animals,  and  I can  affert  wdth  confi- 
dence, that  among  the  many  thoufarids  which 
I have  obferved  at  the  time  of  their  amours, 
I have  never  feen  a finglepairin  conj  unddon, 
not  only  for  the  purpofe  of  generation,  but 
on  any  other  occafion. 

Being  well  allured,  that  with  refped:  to  ex- 
ceptions from  certain  rules  fuppofed  to  be 
general,  diffidence  and  caution  can  never  be 
carried  too  far,  1 was  very  defirous-of  wiping 
away  all  fufpicion.  I have  been  feveral  times  a 
fpeftator  of  the  copulation  of  Uo all-lizards, 
which  happens  in  April  and  May,  and  may 
be  faid  to  lad  a fingle  inftant.  In  the  cleared 
days,  and  in  places  mod  expofed  to  the  fun,- 
the  male  runs  after  the  female,  and  when  he 
has  overtaken  her,  he  twines  himfelf  about 
her,  and  unites  his  genitals  to  her’s,  but  this 
union  may  be  termed  momentaneous,  after 
which  the  two  ferpents  part.  Do  newts  alfo, 
which  on  account  of  fome  refemblance,  ire 
likewife  called  water-lizards,  during  their 
amours  as  defcribed  above  (LXXX),  do  they 
allo,  I fay,  copulate  for  a fingle  inftant?  Al- 
though I kept  my  eyes  fixed  on  them,  fo  that 
the  mod  trifling  addon  or  fmalled  motion 

could 


48  DISSERTATION  f. 

could  not  efcape  me,  I am  quite  certain  of 
having  never  feen  them  in  copulation  for  a 
lingle  moment  throughout  the  whole  period 
of  their  amours.  I may  even  afìcrt,  that  the 
genitals  of  the  male  were  always  at  the  dis- 
tance of  feveral  lines  from  thofe  of  the  fe- 
male ; and  I have  been  Hill  more  and  more 
convinced,  that  no  copulation  of  any  fort 
takes  place  in  this  kind  of  animals,  but  that 
fecundation  is  effected  by  that  portion  of 
femen  which  the  male  darts  into  the  water, 
and  which  afterwards  is  received  into  the 
body  of  the  female,  at  the  aperture  of  the 
anus. 

L XXX II.  I made  thefe  obfervations  in 
1766  and  1767,  and  gave  fome  intimation  of 
them  in  my  Profpeclus  concerning  animal  re- 
productions, publilhed  in  1768:  myexprefilons 
are  the  following  : “ NaturaliHs  are  not  cer- 
tain whether  newts  copulate  like  the  gene- 
rality of  animals,  or  in  the  manner  of  frogs 
and  toads.  As  fuch  an  enquiry  is  of  impor- 
tance to  the  hiftory  of  generation,  I have 
paid  great  attention  to  it,  and  in  my  work 
will  relate  all  that  I have  obferved  {a).” 

I was  perfuaded  that  thefe  obfervations 
were  new,  for  in  truth  I was  not  apprized 
that  any  perfon  had  publilhed  any  thing  upon 
the  fubjedt.  And  I Ihould  Hill  have  re- 
mained under  this  perfuafion,  if  I had  not 
chanced  to  read  in  Bomare’s  Dictionary  of 
Natural  Hijtory,  the  article  Aquatic  Newt, 
in  the  volume  printed  in  1775,  that  is  to  fay, 
feven  years  after  the  publication  of  my  P10- 
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Ipèdtus,  in  which  I found  that  Mr.  Demours 
had  turned  his  attention  to  the  fame  point  : 
I was  not  able  to  afcertain  whether  his  ob- 
fervations  are  prior  or  poHerior  to  my  own, 
for  want  of  knowing  whether  they  are  to  be 
found  in  a feparate  publication,  or  were 
fimply  communicated  by  the  author  to  Bomare. 
However  it  may  be,  I acknowledge  with  the 
moll  unaffedred  ingenuoufnefs,  that  the  pain- 
ful feelings,  which  ufually  arife  on  perceiv- 
ing that  another,  without  our  knowledge, 
has  begun  to  reap  in  our  own  field,  have  been 
amply  compenfated  by  the  pleafure  of  finding 
that  the  observations  of  the  French  NaturaliH 
perfectly  agree  with  mine  upon  the  whole,  a 
Strong  prefumption  that  the  olafer vers  have  been 
exadt.  The  fum  of  his  obfervations  is,  that 
after  various  gallantries  on  the  part  of  the 
male,  fuch  as  Hopping  the  female,  bending 
his  body  in  the  form  of  an  arch  in  the  wa- 
ter, and  Handing  upright  with  his  crefl  or 
prominence  eredted,  he  opens  his  anus,  for- 
cibly comprefles  the  region  of  the  teHicles, 
ladies  his  companion  with  his  tail,  and  now 
fqueezing  his  teHicles  with  his  utmoH  force, 
darts  forth  the  feminal  liquor,  without  how- 
ever being  in  contadi  with  the  female.  The 
liquor  fpreads  along  her  fides,  after  llightly 
clouding  the  water  : Then  the  male  drops 
down  as  it  were  afleep,  but  foon  awakes,  and 
readumes  his  former  gallantries,  which  are 
fucceeded  by  a frefh  emiflion  of  fcmen,  after 
which  the  two  animals  feparate  ( a ). 
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Thefe  obfervations,  as  far  as  they  prove  that 
no  copulation  takes  place  between  newts, 
-are  confirmations  of  mine,  whatever  opinion 
is  to  be  entertained  concerning  any  flight  dif- 
ference in  the  accounts  of  theamorous  geflicu- 
lations,  as  well  as  concerning  the  few  emiffions 
of  femen  obferved  by  him,  and  the  numerous 
ones  remarked  by  me  (LXXX)  : for  with 
refpedt  to  the  former,  they  are  circumflances 
totally  foreign  to  the  main  object  of  atten- 
tion, and  as  to  the  more  or  lefs  frequent 
emiffions  of  femen,  thefe  it  is  evident  might 
depend  on  the  difference  of  temperament,  age, 
and  vigour  of  the  animals. 

LXXXIII.  In  the  LXXXIfl  paragraph  I 
have  fuppofed  that  impregnation  was  effected 
by  thofe  jets  of  femen  which  the  male  emits 
in  the  vicinity  of  the  female.  Let  me  now 
adduce  the  proof  of  this  fuppofition;  but  that 
it  may  be  better  underflood,  it  will  be  expe- 
dient to  premile  fomething  concerning  the 
o varia,  oviducts,  and  ova  of  thefe  animals. 
When  the  abdomen  of  a female  falamander 
is  laid  open  at  any  feafon  of  the  year,  the  two 
ovaria  prefent  themfelves,  containing  a mul- 
titude of  little  eggs  of  a yellowifh  white 
colour,  fmaller  than  hulked  millet,  and  not 
floating  loofe  in  the  cavity  of  the  ovaria,  but 
adhering  to  their  fides.  The  little  ova,  at 
the  approach  of  fpring,  increafe  infenfibly 
in  lize,  and  when  they  are  arrived  at  matu- 
rity, (which  happens  at  the  time  of  their 
amours)  they  defcend  into  the  ovidudts, 
which  confili  of  two  white  tubes,  which 
extend  from  the  origin  of  the  fore-feet  to  the 
root  of  the  tail,  and  include  the  fpine  be- 
tween them.  Both  are  wrinkled  and  full  of 
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curvatures  and  flexions,  when  they  are  freed 
from  thefe,  and  flxetched  in  a right  line, 
they  exceed  about  four  times  the  whole  length 
of  the  animal. 

LXXXIV.  During  the  feafon  of  amóurs, 
the  ovidudts  always  contain  a greater  or  fmall- 
er  quanity  of  eggs,  placed  in  rows,  and  gene- 
rally more  numerous  in  that  part  of  the  dudt 
which  lies  nearell  the  anus.  And  now  it  is, 
that  on  flight  preflure  on  the  belly,  or  even 
from  the  contortions  of  the  animal,  when 
they  are  held  between  the  fingers,  the  eggs 
commonly  come  out  from  the  cloaca,  jull 
as  we  have  before  obferved,  that  the  femen  of 
the  male  is  emitted  under  like  circumftances 
(LXXX).  The  ova,  when  they  quit  the 
ovaria  and  enter  the  ovidudls,  become  far 
larger,  and  they  now  are  in  veiled  with 
a vifcid  gluten,  nearly  as  happens  in  frogs 
and  toads,  except  that  the  gluten  which  fur- 
rounds  the  eggs  in  the  two  latter  kinds  of 
animals  is  more  abundant  and  more  vifcid. 
When  the  male  hath  ejedted  the  femen,  and 
when  from  its  vicinity  to  the  female,  it  has 
infinuated  itfelf  into  her  anus,  that  portion 
of  eggs  is  fecundated,  which  is  nearefl 
the  vent,  and  about  to  be  excluded,  and 
the  remainder  which  lies  in  the  higher  part 
of  the  ovidudl,  continues  at  that  time  unim- 
pregnated. This  truth  adlual  experiment 
proved  to  me  in  the  following  manner. 
When  the  males  began  to  purfue  the  females 
with  eagernefs,  I put  the  latter  by  themfelves 
in  veflels  full  of  water.  They,  notwith- 
flanding,  difcharged  their  ova,  but  they  re- 
mained barren.  I allowed  the  males  to  ap- 
proach, and  they  darted  their  femen  as  ufual; 
I then  again  feparated  the  females,  when  I 
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found  that  the  fir  ft  eggs  they  difcharged  (a- 
mounting  to  fix,  feven,  or  thereabouts)  fur- 
nished me  after  fome  interval  with  living 
newts.  But  this  was  not  the  cafe  with  others 
lying  higher  up  in  the  ovidudts,  which  were 
brought  forth  afterwards. 

After  the  amorous  encounters  were  over, 
I opened  a female,  and  taking  the  eggs  out 
of  the  duds,  I put  them  into  water,  with 
the  precaution,  however,  of  placing  thofe 
which  lay  in  the  vicinity  of  the  anus  in  a fe- 
parate  veflel.  Thefe  produced  young,  while 
the  reft  all  failed.  To  thefe  proofs,  which 
in  my  opinion  are  decifive,  let  me  add  ano- 
ther. The  fpecies  of  newt,  with  the  golden 
lift  upon  its  back  (LXXVII),  inftead  of 
bringing  forth  the  ova  feparate  like  the 
other  fpecies  produces  little  cords,  fometimes 
of  the  length  of  two  inches,  confifting  of 
Several  dozens  of  eggs.  After  the  male  had 
carefied  one  of  thefe  females,  I opened  the 
abdomen,  and  took  the  eggs  out  of  the 
duds,  which  were  united  together  by  means 
of  the  glue,  and  formed  two  cords  joining 
at  an  angle  near  the  cloaca.  I placed  thefe 
cords  in  water,  and  marked  the  end  which 
would  have  appeared  firft  with  threads.  And 
the  eggs  at  and  near  this  end  produced  young, 
while  tire  others  came  to  nothing. 

LX XXV.  Though  I have  proved  that 
theft  eggs  are  not  fecundated,  yet  it  does  not 
follow  they  do  not  become  io  in  the  fequel. 
In  proportion  as  thofe  which  lie  neareft  the 
anus  are  expelled,  the  more  remote  defcend 
and  take  the  place  of  the  former,  and  are 
impregnated  by  new  emiftions  of  femen. 
.The  fiune  thing  happens  to  the  moil;  diftant. 
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fo  that  all  that  arrive  at  maturity,  pafs  out  of 
the  ovaria,  and  enter  the  cavity  of  the  ovi- 
ducts, are  fooner  or  later  fecundated.  I had 
an  irrefragable  proof  of  this,  by  attending 
to  fucceffive  difcharges  of  ova,  which  all 
produced  young  alike.  From  what  has  been 
already  advanced,  it  is  very  obvious  to  infer, 
that  the  males  do  not  foon  abandon  the  fe- 
males. From  obfervation  I have  learned, 
that  their  amours  lalb  fometimes  twenty, 
fometimes  thirty  days,  and  fometimes  dill 
longer,  viz.  until  the  females  have  discharged 
all  their  mature  eggs.  For  as  long  as  any 
remain  in  the  ovidufts,  the  males  never  ceale 
their  caredes,  and  alternate  emiffions  of  fe-, 
men,  and  intervals  of  red  (LXXX).  I faid 
above  all  their  mature  eggs,  dnce  after  the 
amours  of  the  newts  are  ended,  there  remain 
within  the  ovaria  others  of  very  finali  dze* 
and  in  very  great  abundance. 

LXXX VI.  Bomare,  in  the  article  already 
quoted  (LXXXII),  aflerts  that  aquatic  newts 
dilburthen  themfelves  of  the  load  of  their 
eggs,  by  laying  hold  of  them  with  their 
mouths  and  feet,  and  thus  promoting  the 
difcharge  from  the  anus,  but  that  as  they  are 
expelled  they  are  glued  under  the  tail.  'The 
French  writer  will  I hope  pardon  me,  if  I 
venture  to  adert  that  no  fable  can  be  more 
extravagant  than  this.  If  indead  of  being  a 
copy  id  by  profedton,  as  he  appears  to  be  from 
all  his  publications,  he  had  taken  the  trouble 
to  oblerve  Nature,  and  in  confequence  of 
this  had  enquired  into  the  manners  of  newts, 
he  would  have  Seen  upon  a thoufand  occadons* 
that  the  eggs  are  difeharged  and  Separated 
from  the  anus  without  the  concurrence  of 
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the  mouth  or  feet,  and  that  thefe  animals 
never  fhew  the  leaft  difpofition  to  employ 
either  the  one  or  the  other.  He  would  nave 
befides  felt  with  his  hands,  that  far  from  fol- 
lowing the  practice  of  cray-fifh,  which  after 
having  brought  forth  their  ova,  keep  them 
attached  to  the  inferior  furface  of  the  tail, 
that  thefe  animals  expel  them  in  fuch  a man- 
ner, that  they  all  fall  to  the  bottom  of  the 
water.  Of  the  infinite  number  of  newts 
which  I have  kept  in  different  years,  and  for 
different  purpofes,  in  veffels  full  of  water,  I 
have  never  found  one  individual  that  carried 
a fingle  egg  adhering  to  the  tail,  but  when 
the  water  in  the  veli  els  was  changed,  they 
were  always  leen  in  an  heap  at  the  bottom. 
I remarked  the  fame  thing  in  thofe  that  were 
wandering  at  pleafure  about  the  water  in  the 
open  plains. 

And  lince  I am  fpeaking  of  the  article 
Newt,  compiled  by  Bomare,  let  me  point  out 
another  of  the  various  errors  which  it  con- 
tains. He  afferts,  that  the  cry  of  the  water- 
newt  very  nearly  refembles  that  of  the  frog 
(page  3 5),  whereas  it  is  fufficient  to  be  very 
flightly  acquainted  with  thefe  animals,  in 
order  to  be  affured  that  they  are  quite  mute. 
It  is  only  when  they  rife  to  the  furface  of 
the  water,  to  expel  the  old  air  from  their 
lungs  and  to  inhale  frefh,  that  the  obferver 
hears  a fort  of  very  low  whiffle,  fcarce  per- 
ceptible at  the  diflance  of  four  paces.  But 
in  an  author,  who  leems  to  have  inherited 
inaccuracy  and  want  of  difeernment,  as  nu- 
merous other  fabulous  tales,  with  which  his 
Pi&ionary  abounds,  may  ferve  to  fhew,  fuch 
errors  are  lefs  unpardonable. 
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LXXXVII.  But  let  us  proceed  to  the 
hatching,  or  rather  the  evolution  of  newts, 
another  part  of  their  hiftory  not  lefs  curious 
and  interefting  than  the  preceding.  Let  us 
then  attend  to  what  happens  to  the  eggs  after 
they  have  been  brought  forth.  Thefe,  when 
put  into  water,  fink  to  the  bottom  ; if  the 
weather  be  warm,  a quantity  of  air-bubbles 
foon  appears  upon  the  gluten  which  includes 
them;  thefe  at  firft  are  very  finali,  but  be- 
come afterwards  larger,  and  at  leaft  fo  large, 
that  the  eggs  become  lighter  than  water, 
and  arife  to  the  furface,  bringing  with  them 
the  collection  of  bubbles  ftill  'adhering  to 
the  gluten  : the  bubbles  then  burft  and  dif- 
appear,  and  now  the  ova  fall  again  to  the  bot- 
tom, and  rife  no  more,  being  kept  down  by 
the  gluten,  which  fattens  them  to  the  fpot 
on  which  they  reft.  If  we  continue  to  watch 
them  attentively,  we  can  perceive  that  their 
fhape  begins  to  change.  When  firft  brought 
forth,  and  for  one  or  two  days  afterwards, 
they  refemble  an  elongated  fpherule;  the 
fpherule  now  begins  to  appear  flightly  curved, 
reprefenting  in  miniature  a kidney,  or  the 
tefticle  of  a cock.  The  curvature  encreafes, 
and  the  bulk  in  the  fame  proportion,  but 
with  this  additional  circumftance,  that  one 
end  of  the  ovum  becomes  thicker,  and  the 
other  thinner.  In  the  mean  time,  it  acquires 
twice  its  original  fize.  And  now  it  appears 
not  to  grow  in  bulk,  but  only  in  length; 
and  this  becomes  every  day  more  apparent  to 
the  furprize  of  the  obferver.  But  his  greateft 
furprize  arifes  from  feeing  the  egg  thus  elon- 
gated, agitate  itfelf  at  intervals  with  great 
brifknefs,  and  then  continue  quiet:  and  as 
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this  happens  without  any  external  exciting 
caufe,  the  idea  of  animality  necefiarily  arifes 
in  the  mind,  and  we  incline  to  believe  that 
the  fuppofed  egg  is  a real  newt,  only  in  dif- 
guife,  juft  as  I have  difcovered  that  the  fup- 
pofed eggs  of  frogs  and  toads  are  not  eggs, 
but  tadpoles  in  dilguife.  This  idea  continues 
to  be  more  and  more  confirmed  in  the  fequel, 
from  obferving  by  a glafs  the  felf-moving 
egg  allume  the  features  of  a fmall  newt,  the 
tail  appearing  beautiful  and  perfectly  formed, 
the  vertebra  beginning  to  fhew  themfelves  as 
well  as' the  little  gills  within  which  the 
blood  circulates,  and  likewile  two  lateral 
protuberances,  which  the  obferver  fufpedts  to 
be  the  rudiments  of  the  arms,  and  the  veftiges 
of  the  head  and  muzzle,  and  laftly  the  outlines 
of  the  eyes  lying  by  the  fide  of  the  head,  un- 
der the  appearance  of  two  inconfiderable  tu- 
mours. Continuing  to  employ  the  microf- 
cope,  we  perceive  that  the  little  newt  is  not 
now  circumfcribed  by  the  gluten,  but  by  a 
tranfparent  circlet  more  internal,  which  is 
nothing  elfe  than  the  amnios  full  of  liquor, 
within  whic|i  the  little  animal  has  its  refi- 
dencèj  its  colour  is  alfo  remarkable,  the 
inferior  part  of  the  body  is  white,  while 
the  upper  part  is  yellowim,  and  interfperfed 
with  leverai  blackifh  ftreaks.  N°  I.  Fig.  16. 
PI.  Ill,  reprefents  a newt’s  egg  in  its  natu- 
ral fiate,  furrounded  by  gluten  : N°  II,  III, 
IV,  V. 'fhew  the  fame  egg  ftripped  of  its 
gluten,  and  infen fibly  becopaing  curved  and 
elongated.  N°  VI,  VII.  reprefent  the  body 
fuppofed  to  be  an  egg,  but  which  from  its 
progreffive  elongation  and  evolution,  has  af- 
jumed  the  real  appearance  of  a finali  newt, 
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fomewhat  magnified.  D.  fig.  17.  {hews  the 
lame  circumfcribed  by  the  amnios,  which  is 
reprefented  by  the  fmaller  circle,  but  the 
whole  was  obferved  by  a microfcope  of  greater 
magnifying  power. 

LXXXVIII.  As  long  as  newts  remain  in 
the  amnios,  they  are  never  feen  extended  at 
full  length,  but  always  incurvated  in  fuch  a 
manner,  that  the  tail  approaches  to  the  head, 
as  may  be  obferved  in  fig.  16.  N°  VI,  VII. 
and  at  D.  fig.  17.  It  cannot  indeed  be  other- 
wife;  linee  the  diameter  of  the  amnios  is 
much  fhorter  than  the  young  newt,  they  muft 
of  neceffity  be  bent.  Whilft  they  are  con- 
fined in  this  prifon,  they  change  their  fitua- 
tion  from  time  to  time,  and  always  with  in- 
credible quicknefs,  on  a fudden  tranfporting 
the  head  where  the  tail  lay  and  reciprocally  ; 
and  this  happens  not  only  when  they  are 
{truck  by  any  fubftance,  but  even  when  they 
are  left  undilturbed.  Mean  while  they  in- 
creafe  in  fize  from  the  food  they  take  within 
the  amnios,  but  when  afterwards  that  mem- 
brane can  no  longer  contain  them,  they  burli: 
it  by  repeated  efforts,  and  entirely  quit  their 
envelope,  and  begin  to  fwim  about  the  wa- 
ter, by  the  help  of  quick  vibrations  of  the 
tail.  I have  feveral  times  beheld  this  exit 
with  pleafure  ; it  recalled  to  my  memory  the 
exit  of  butterflies,  when  they  lay  afide  the 
malk  of  the  chryfalis.  In  fig.  17,  18,  19 . 
are  feen  three  newts  juft  out  of  the  envelope  ; 
two  with  their  backs  prefen  ted,  fig.  17  and 
19.  and  one  laterally,  fig.  18.  In  the  fame 
figure  we  have  two  others,  fome  time  e- 
mancipated  from  their  confinement,  and 
fwimming  about  the  water,  Thefe  two  young 
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newts,  as  well  as  the  two  others  that  are 
coming  out  of  their  envelopes,  fig.  17  and 
18.  fhew  the  prominent  rudiments  of  their 
fore  legs,  under  the  appearance  of  two  little 
flumps.  Two  of  thefe  are  marked  C.  C. 
fig.  17.  So  the  letter  A.  in  the  fame  figure, 
reprefents  one  of  the  above-mentioned  en- 
velopes. Upon  examining  fonie,  which  were 
no  longer  receptacles  for  young  newts,  they 
appeared  to  be  externally  compofed  of  a re- 
fi duum  of  gluten,  which,  at  its  internal  fur- 
face,  had  become  callous,  of  the  extremely 
fine  and  tranfparent  membrane  of  the  amnios, 
and  of  a little  of  the  liquor  of  that  mem- 
brane, which  was  allo  tranfparent  and  flightly 
vifcid. 

LXXXIX.  My  next  objeCt  of  enquiry  was, 
the  time  requifite  for  thefe  animals  to  pafs 
from  the  illufive  form  of  ovum,  to  the  real 
one  of  newt  ; this  I have  found  to  amount  to 
the  fpace  of  feven  days,  more  or  lefs.  They 
require-  three  or  four  more  before  they  come 
to  burli  the  amnios  and  gluten,  and  to  float 
at  liberty  in  the  water. 

In  general,  to  hatch  thefe  animals  is  more 
difficult,  than  to  hatch  the  tadpoles  of  frogs 
and  toads.  Though  the  fetufes  of  the  newt 
(falfely  fuppofed  to  be  eggs)  are  put  into  pure 
water  as  loon  as  they  are  brought  forth,  and 
this  water  fhould  have  been  taken  from  the 
very  fpot  in  which  they  were  depofited  by 
the  females,  yet  few  come  to  perfection, 
unlefs  we  are  careful  to  change  the  water 
very  often  ; and  even  with  this  precaution, 
there  is  always,  in  like  circumflances,  a 
lmaller  number  of  young. newts  than  tadpoles 
evolved. 
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XC.  This  difficulty  does  not  occur  in  their 
further  evolution  and  growth.  Any  kind  of 
water,  either  pit,  rain,  river,  or  lake  water, 
will  anfwer  this  purpofe  perfectly  well,  pro- 
vided it  is  pure.  If  there  fhonld  happen  to 
be  any  plant,  fuch,  for  in  fiance,  as  the  marfh 
lentil,  in  the  water  which  contains  the 
young  newts,  they  will  furround  and  nibble 
it  with  their  little  mouths,  feledting  thofe 
parts  which  are  beft  adapted  to  their  confti- 
tution.  During  the  progrefs  of  evolution, 
the  arms  are  unfolded  more  rapidly  than  other 
parts  (LXXXVIII),  they  become  pointed, 
and  are  bent  back  towards  the  pofferior  part 
of  the  body,  as  may  be  feen  in  the  two  young 
newts  at  the  bottom  of  fig.  19.  but  better  in 
fig.  20.  in  which  the  animal  appears  mag- 
nified. The  two  cones  marked  C.  D.  are 
the  two  arms  ; above  which,  and  nearer  the 
head,  the  gills  are  feen  branched,  as  alfo  two 
other  lmaller  bundles  of  gills,  E.  F.  near 
the  eyes  ; thefe  fmaller  gills  appear  later  than 
the  large  ones.  The  young  newts  being  Fill 
kept  in  water,  about  a week  after  their  exit 
from  the  egg,  three  other  very  fmall  cones, 
not  far  diftant  from  each  other,  fhoot  from 
the  ends  of  the  two  former  ; thefe  cones  are 
foon  perceived  to  be  fingers  belonging  to  the 
little  hands.  The  animals  now  begin  to 
employ  thefe  fingers,  hands,  and  arms.  In 
like  manner  as  the  anterior  limbs  make  their 
firfl  appearance  in  the  fhape  of  two  cones, 
fo  alfo  do  the  pofterior,  which  commonly  are 
firft  perceived,  fifteen  and  fometimes  twenty 
days  after  the  animals  have  quitted  their  en- 
velope. Nature  likewife  observes  the  fame 
progrefs  in  producing  the  toes  as  the  fingers; 
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and  now  the  newt  is  able  to  walk,  either 
along  the  bottom  of  the  water,  or  on  dry- 
ground.  It  is  well  known,  that  the  tad- 
poles, both  of  frogs  and  toads,  lofe  their 
gills  a few  days  after  their  birth.  Young 
newts,  on  the  contrary,  retain  them  long, 
and  I have  even  obferved  them  in  Auguft. 

XCT.  There  Itili  remains  an  important  en- 
quiry relative  to  thefe  animals,  the  fame  which 
has  been  already  made  concerning  frogs  and 
toads.  At  what  period  may  thofe  roundifh 
bodies,  commonly  called  the  eggs  of  newts, 
be  properly  termed  true  fetules  ? Is  it  when 
they  are  upon  the  point  of  being  expelled 
from  the  body  of  the  female,  and  confe- 
quently  have  been  already  bathed  by  the 
femen  ? or  Itili  fooner,  when  they  lie  in  the 
highelt  part  of  the  ovidudts,  where  we  are  cer- 
tain that  the  femen  could  not  arrive  ? I flat- 
ter myfelfj  that  I have  the  moil;  diredt  proofs 
that  thefe  little  bodies  are  real  animals,  even 
when  they  are  at  the  top  of  the  ovidudts  ; 
although  when  taken  out  of  the  body  of  the 
female,  they  are  not  developed,  but  come  to 
nothing,  for  want  of  the  neceffary  condition 
of  being  fecundated  by  means  of  femen.  Thefe 
proofs  are  deduced  from  the  identity  of  the 
impregnated  and  unimpregnated  corpufcles  : 
and  I hope  the  reader  will  be  fully  convinced 
of  this  identity,  when  I allure  him,  that  I 
have  fubjedted  each  to  the  fame  minute  and 
rigorous  analyfis,  that  was  employed  upon  the 
fetufes  of  frogs  and  toads,  and  which  is  par- 
ticularly defcribed  in  the  LXXVIIIth  para- 
gragh  ; nor  could  I difcover  the  fmalleft  dif- 
ference, either  in  the  internal  or  external 
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parts,  between  the  corpufcles  bedewed  with 
femen,  which  were  evolved  and  became 
newts,  and  others  not  touched  by  that  li- 
quor which  were  fpoiled.  I therefore  con  - 
elude,  that  in  thefe  animals  alfo,  the  fetufes 
exift  in  the  females  before  they  are  impreg- 
nated by  the  male. 

XCII.  I have  fpoken  of  the  two  forts  of 
newts  deferibed  in  paragraph  LXXVII,  and 
which  have  been  hitherto  the  objects  of  my 
enquiries,  as  if  there  had  been  only  one,  hav- 
ing obtained  from  both  the  fame  refill ts  in 
.every  thing  that  refpedts  generation.  I will, 
moreover  add,  that  thefe  refill  ts  have  been 
the  fame  in  another  fpecies  of  this  animal, 
little  more  than  an  inch  and  half  in  length, 
and  about  two  lines  in  thicknefs,  of  which 
the  colour  is  a cineritious  ground,  inter- 
fperfed  with  black  fpots  ; my  obfervations 
upon  this  fpecies  were  made  three  years  af- 
ter thofe  which  are  related  in  the  prefent 
chapter. 

I have  hitherto  related  my  remarks  con- 
cerning the  generation  of  frogs,  toads,  and 
yewts,  in  fuch  a manner,  that  it  does  not 
always  appear,  whether  I have  made  fuch  a 
number  of  obfervations  and  experiments  as  is 
ne’celfary,  in  order  to  obtain  fate  arid  conflant 
refults.  Now  the  reader  may  be  allured,  that 
I have  done  this,  not  becaule  I was  not  in 
polfeiTion  with  a fufficient  number  of  fuels, 
but  in  order  to  avoid  creating  difguft  by  too 
frequent  repetitions.  I can  alfo  allure  him, 
that  every  fadt  has  been  feen  and  examined  a 
great  number  of  times,  for  I have  been 
taught  by  daily  experience,  that  in  natural 
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hiftory,  truth  can  only  be  attained  by  the  con- 
ftant  iuccefs  of  repeated  experiments. 


CHAP.  VI. 


REFLECTIONS. 


XClII.Ti/fY  principal  intention  in  the  five 
IVI  preceding  chapters,  was  to  re- 
late faóts  unmingled  with  refledions.  I 
would  now  deduce  confequences,  and  lay  be- 
fore my  readers  fuch  a train  of  reafoning,  as 
may  contribute  to  the  illuftration  of  the  fub- 
jed,  for  this  is  the  moll  important  part  of 
natural  philofophy. 

I.  It  is  well  known,  that  almoft  all  ani- 
mals except  man,  have  a dated  feafon  for  the 
propagation  of  their  fpecies.  Thus  the  fe- 
male cat  receives  the  male  in  September,  Ja-> 
nuary,  and  May.  The  die- wolf  and  fox  in 
January;  the  doe  in  September  and  October. 
The  fpring  and  dimmer  are  the  feafons  ap- 
pointed for  the  amours  of  birds,  and  many 
fpecies  of  fi  flies.  The  immenfe  tribe  of  in- 
fed's  have  like  wife  a determinate  time  for  per- 
petuating their  kind  ; this  is  the  fine  part  of 
the  year,  and  particularly  autumn  and  lpring. 
The  laft  mentioned  clafs  of  beings  is  lubjedt 
to  a variation  that  is  not  obferved  in  the 
others.  Unufual  warmth  or  cold  doesnotretard 
or  fprward  the  conjundion  of  birds  or  quad- 
rupeds ; 
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rupeds;  but  a late  fpring  delays  the  amours 
of  infe&s*  and  an  early  one  forwards  them. 
Thus  it  is  obferved,  that  in  the  fame  coun- 
try, the  infe&s  on  the  mountains  are  later 
than  in  the  plains. 

XCIV.  The  variations  of  heat  and  cold 
have  the  fame  effed:  upon  the  amphibious 
animals,  that  have  been  the  fubjedt  of  my 
enquiries,  as  upon  infedts.  They  too  have, 
as  we  have  feen,  a fixed  time  for  their  amours, 
but  it  varies  according  to  the  warmth  or 
coldnefs  of  the  leafon.  If  we  compare  my 
obfervations  on  frogs  and  toads  with  thofe 
of  Roefel,  it  will  appear,  that  this  order  of 
animals  begins  earlier  to  propagate  the  Ipecies 
in  the  mild  climate  of  Italy,  than  in  the  ri- 
gorous temperature  of  Germany.  In  his  hif- 
tory,  he  fpeaks  of  a very  finali  lort  of  aquatic 
toad,  which,  from  the  beautiful  flame-co- 
loured fpots  that  adorn  the  belly,  he  calls 
Bufo  igneus,  as  copulating  near  Nurimberg 
in  June.  This  fpecies  is  not  found  in  the 
plains  of  Italy,  at  leaf;  not  in  the  Modanefe, 
the  Milanefe,  or  the  country  round  Pavia. 
I have  fometimes  found  it  on  the  hills  round 
Modena,  the  male  embracing  the  female  in 
May,  but  I had  notan  opportunity  of  making 
my  obfervations  with  fufficient  accuracy. 
Afterwards,  in  my  journey  to  Geneva  and 
Switzerland,  in  the  fummer  of  1779,  I law 
a great  number  of  thefe  toads.  In  the  courfe 
of  my  excufions  with  the  amiable  and  learned 
Mr.  Senebier,  on  the  eminences  that  almofl 
furround  that  illuftrious  and  cultivated  city, 
I remarked,  that  there  was  not  a lake  or  ditch 
that  did  not  afford  reception  to  great  num- 
bers of  thefe  animals;  they  were  generally 
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coupled,  though  it  was  then  the  end  of  July. 
I have  moreover  found  them  in  Auguft,  in 
many  waters  in  the  vicinity  of  Berne,  Balli, 
Zurich,  and  Lucern,  and  their  amours  were 
then  but  juft  fmi£hed,as  appeared  from  the  lit- 
tle tadpoles  that  had  lately  quitted  theirmucus, 
and  were  fwimming  about.  Thefe  animals 
then  copulate  much  earlier  in  Italy,  than  ei- 
ther in  Germany  or  Switzerland.  This  is 
not  matter  of  furprize,  for  the  Swifs  cantons 
are  generally  known  to  be  the  higheft  part  of 
Europe,  and  by  confequence  muft  be  cold.) 
as  I perceived  among  other  proofs,  which 
cannot  be  properly  introduced  here,  by  the 
ripening  of  the  corn,  which  is  a month  later 
than  in  the  plains  of  Italy,  and  by  thofe  trees, 
which  with  us  will  not  grow  at  all,  or  elfe 
only  in  the  higheft  fituations,  thriving  here 
wonderfully  in  the  lowed;  vallies,  fuch  for 
inftance  as  the  larch,  the  beech,  the  fir,  &c. 

I have  obferved  in  the  tree-frog,  and  fetid 
terreftrial  toad,  in  the  river  at  Geneva,  juft 
the  reverfe  of  what  I had  feen  in  the  Bufo 
aureus  in  Switzerland.  In  March  1780,  I 
remarked  that  the  two  former  fpecies  had 
made  their  appearance,  and  were  coupled  in 
the  ponds  and  other  refervoirs  of  fine  gardens 
near  that  city,  whereas  in  Auftrian  Lombardy, 
they  had  not  yet  quitted  their  fubterraneous 
abodes.  The  reafon  why  frogs,  toads,  newts, 
and  the  • numberlefs  tribe  of  infeds,  require 
a certain  degree  of  atmofpheri cal  warmth,  is, 
I fhould  think,  becaufe  the  latter  have  an  in- 
ternal fource  of  heat,  which  animates  them, 
even  in  the  fevered:  cold,  whereas  the  former 
are  àlinoft  entirely  deftitute  of  any  fuch 
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fource.  As  therefore  the  exercife  of  their 
funftions  depends  on  the  heat  of  the  atmo-* 
l'phere,  their  amours  will  alfo  depend  upon  this 
caufe*  and  will  of  courfe  be  later  in  cold  than 
hot  climates,  and  in  both  will  vary  with  the 
feafon. 

XCVi  II.  It  has  been  fhewn  in  the  pre- 
ceding chapters*  that  the  round  bodies  pro- 
duced during  the  feafon  of  generation  by  the 
female  frogs,  toads,  and  newts,  that  fell  un-^ 
der  my  infpedtion,  are  not,  as  it  has  been 
univerfally  believed,  eggs,  but  real  fetufes  j 
for  they  are  never  inclofed  in  membranous 
or  eruftaceous  envelopes,  like  animals  that 
come  from  eggs,  but  are  quite  naked  ; nor  do 
they  ever  leave  any  ihell  or  membrane  behind 
them,  after  they  nave  been  impregnated,  ex- 
cept the  amnios,  which  is  the  cafe  with  all 
viviparous  animals.  It  follows,  that  thefe 
fpecies  ought  to  be  removed  from  the  clafs  of 
pviparous  animals,  to  which  they  have  been 
referred  by  natural  ills  and  nomenclators,  and 
placed  among  the  viviparous.  There  is  a 
circum fiance  here  that  deferves  to  be  noticed. 
All  viviparous  animals  have  this  in  common, 
that  their  fetufes  are  at  birth  full  formed,  and 
retain  the  lineaments  which  they  then  have 
through  their  whole  life  : they  are  only  more 
unfolded.  We  are  further  certain,  that  they 
have  long  before  birth  the  form  of  the  fpe- 
cies, as  is  evident  from  human  abortions,  as 
well  as  thofeof  beads,  In  like  manner,  ani- 
mals that  come  from  eggs  are  formed,  not 
only  when  they  are  hatched,  but  long  before, 
as  we  fee  in  the  eggs  of  birds,  various  reptiles, 
crocodiles,  &c.  If  the  eggs  are  broken  and 
examined,  we  diali  perceive  the  fetufes  more 
Vo  l » II*  F or 
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or  lefs  advanced,  provided  they  have  been 
fecundated  and  let  to  hatch.  I have  made 
the  fame  obfervation  on  the  eggs  of  infedts  ; 
when  I found  they  were  nearly  hatched,  I 
have  frequently  opened  the  pellicle,  and  dis- 
covered the  em  bryo  formed,  and  endowed  with 
the  power  of  motion.  On  the  contrary,  the 
fetufes  of  the  amphibious  animals,  that  have 
been  the  fubjedf  of  my  refearches,  are  quite 
fhapelefs  at  the  time  of  exclufion,  and  nave 
only  the  appearance  of  globules  ; it  is  not  till 
afterwards  that  the  limbs  begin  to  appear, 
and  they  affiline  the  lineaments  of  the  fpecies. 
Now  I think  that  upon  refledtion,  I can  affign. 
the  phylical  caule  of  this  driking  difference. 
The  fetufes  of  other  animals  have,  indeed, 
at  the  time  of  birth,  the  charadteridic  form  of 
the  fpecies,  but  they  do  not  acquire  it  for 
fome  time  after  fecundation.  They  are  at 
firft  fhapelefs,  as  we  fee  in  birds  in  the  egg, 
which,  before  they  allume  their  true  figure, 
muft  undergo  the  mod  furprizing  changes,, 
as  has  been  Ihewn  by  Haller,  and  before  him 
by  Malpighi.  Fetufes  then,  in  generai,  are 
not  perfedtly  formed  till  fome  time  after  fe- 
cundation. Now  in  the  amphibious  animals 
of  which  I have  been  treating,  impregnation 
does  not  take  place  till  the  fetus  is  excluded. 
It  is,  therefore,  no  wonder  that  they  are 
fhapelefs  ; it  is  indeed  to  be  expedted,  that 
they  Ihould  take  the  form  of  tadpoles  after 
they  are  brought  forth.  And  we  might  con- 
clude, that  the  globular  figure  which  thefe 
animals  have,  as  long  as  they  lie  in  the  ova- 
ria,  might  perhaps  be  the  univerlal  model  for 
uni  impregnated  germs,  if  they  were  not  the 
. . produdtion 
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production  of  infinite  wifdom,  and  therefore 
probably  infinitely  varied. 

XCVI.  III.  Though  thefe animals  are  pro- 
perly denominated  amphibious,  fince  they 
are  capable  of  living  both  upon  dry  ground 
and  in  water,  yet,  if  we  except  the  common 
frog  and  the  newt,  they  generally  live  out 
of  the  water,  and  only  repair  to  it  in  order 
to  propagate  the  fpecies  ; and  as  if  confcious 
that  their  fetufes,  if  brought  forth  upon 
land  would  irretrievably  perifh,  they  invari- 
ably depofit  them  in  water,  the  only  element 
where  they  can  be  unfolded  and  grow.  They 
do  not,  however,  place  them  in  any  water 
that  may  happen  to  be  near  : they  are  never 
to  be  feen  in  torrents  or  rapid  rivers,  but  al- 
ways in  ditches,  lakes,  ponds,  where  the 
water  Magnates  or  runs  but  flowly.  The  rea- 
fon  of  this  is  very  obvious.  A rapid  current 
would  carry  the  fetufes  away,  for  they  are 
fpecifically  lighter  than  water,  and  by  conti- 
nually fhaking  and  dafhing  them  againft  the 
banks  and  other  obffacles,  would  deftroy  the 
greater  part.  The  fame  danger  does  notfub- 
fifl  in  ftagnant  waters.  Belides  the  tadpoles 
here  find  their  food,  which  chiefly  conliflsof 
water  lentil,  a plant  that  does  not  grow  in 
quick  ftreams. 

Thefe  animals  then,  as  well  as  others, 
carefully  provide  for  the  continuation  of  the 
fpecies.  In  infeCts  in  particular,  thefe  pro- 
vifions  are  an  inexhauflible  fubjedt  for  admi- 
ration. The  curious  obferver  of  thefe  mi- 
nute beings,  is  conftantly  furprized  by  the 
care  they  take  to  depoftt  their  eggs,  where  the, 
the  young  are  fure  to  meet  with  proper  food. 
An  immenfe  number  of  both  nodturnal  and 
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diurnal  butterflies  and  moths,  come  from 
grubs  that  live  upon  various  herbaceous  and 
woody  plants.  They  never  fail  to  depofit 
their  offspring  precifely  upon  thefe  plants. 
There  is  not  the  leaft  danger  left  they  fhould 
miftake  one  vegetable  for  another.  That 
which  comes  from  the  grub  of  the  oak  never 
lays  its  eggs  on  the  elm,  and  reciprocally. 
The  fame  may  be  faid  of  other  plants  ; for 
fhould  fuch  a miftake  happen,  the  grubs 
would  die  for  want  of  fit  nourilhment.  Ano- 
ther ciafs  of  infedts,  the  numberlefs  and  va- 
rious tribe  of  flies,  affords  equal  caufe  of 
admiration  : they  ail  depoiii  their  eggs  in  cer- 
tain ftated  places  ; fonie  in  the  pith  or  within 
the  bark  of  trees,  or  upon  the  leaves,  or  with- 
in the  empalement  of  flowers  ; fome  in  the 
ground  or  in  water;  fome  upon  dunghills, 
in  fepulchres  or  dead  bodies,  and  others,  in 
fhort,  within  the  body  or  upon  the  fkin  of 
living  animals. 

Equal  induftry  and  fagacity  is  confpicuous 
in  the  race  of  cantharides,  beetles,  &c.  And 
to  come  to  animals,  more  nearly  refembling 
thofe  concerning  which  we  are  enquiring, 
many  fifties,  belonging  both  to  fait  and  frefti 
water,  conceal  their  eggs  in  places  where  the 
water  is  ftiallow,  and  confequently  more 
warmed  by  the  rays  of  the  fun;  hence  the 
young  fry  is  fooner  produced.  Befides  thefe 
places  generally  afford  more  aquatic  infedts, 
the  food  moft  agreeable  to  fifties.  Turtles, 
which  are  themfelves  amphibious,  furnifti 
àn  example  ftill  more  clofely  conne&ed  with 
the  fubjedt  of  thefe  diflertations,  excepting 
that  they  repair  to  dry  ground,  and  conceal 
their  eggs  -in  the  find. 
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^CVII.  I.y,  In  the  four  firft  chapters,  I 
mentioned  the  clofe  embraces  of  the  male 
frogs  and  toads.  This  phenomenon  has 
given  rife  to  difcordant  opinions.  Vallifneri 
thinks,  that  the  compreffion  contributes  to 
feparate  the  eggs  from  the  ovaria,  and  to  fa- 
cilitate their  entrance  into  the  ovidudts  (a). 
Swammerdam,  on  the  contrary,  fuppofes  that 
it  is  more  likely  to  prevent,  than  forward 
their  pafifage  through  the  ovidudls,  as  it  may 
dole  their  orifices.  Hence  he  thinks,  that 
the  male  does  not  begin  his  embraces,  till 
the  eggs  have  puffed  through  thofe  canals  ( b ). 
But  this  can  only  be  determined,  by  opening 
fome  females  at  the  commencement  of  their 
amours.  In  fome  fpecies,  indeed,  bare  in- 
fpedtion  will  (hew,  that  the  preffure  made  by 
the  fore-feet  of  the  male,  cannot  contribute 
to  force  the  eggs  out  of  the  ovaria  ; for  they 
do  not  come  forward  upon  the  bread:,  to 
which  the  chief  part  of  the  ovaria  lies  oppo- 
fite,  but  prefs  againfl  the  lower  extremity  of 
the  abdomen,  as  I have  myfelf  obferved  in 
the  Bufo  igneus  of  Roefel,  and  as  indeed  is 
evident  from  his  figure.  I kept  two  females 
from  the  male,  but  this  did  not  prevent  them 
from  difcharging  their  eggs.  Hence  it  is 
more  than  probable,  that  this  would  alfo  hap- 
pen in  the  fpecies,  denominated  by  that  na- 
turalift,  Buio  aquaticus  allium  redolens  ; for 
the  male  does  not  prefs  again  fi:  the  bread:, 
but  like  the  igneous  toad  againft  the  abdo- 
men of  the  female  (c).  There  feems,  howr 
ever,  fome  ground  for  believing,  that  the  em- 
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braces  of  the  male  may  contribute  to  the  ex- 
clufion  of  the  eggs,  in  thofe  fpecies  in  which 
he  clafos  the  female  round  the  breafl:  ; as  in 
thofe  frogs  and  toads,  of  which  I have  de- 
lcribed  the  mode  of  generation  in  the  four 
fir  A:  chapters.  If  the  females  of  the  aquatic 
frog  be  kept  feparate  from  the  male,  I have 
found,  that  they  do  not  difcharge  their  fe- 
tufes (VII).  Here  then  we  muft  conclude, 
that  the  embraces  of  {he  male  influence  this 
function, 

I know  not  how  this  influence  can  be 
exerted,  except  by  the  preflure  made  againffc 
the  breaft,  by  which  the  fetufes  are  forced 
out  of  the  ovaria,  and  get  into  the  mouths  of 
the  oviduéts.  But  in  the  tree-frog,  notwith- 
standing the  preflure  is  made  againft  the 
breafl:,  "it  does  not  contribute  to  the  defcent 
of  the  fetufes,  fince  they  get  into  the  uterus 
before  the  male  begins  his  embraces  (XXVI). 
When  I wrote  the  hiftory  of  the  terreflxial 
toad,  with  red  eyes  and  dorfal  tubercles,  I 
knew  not  whether  the  female  could  bring 
forth  without  the  male;  and  I only  faid,  that 
his  embraces  begin  before  the  fetufes  quit 
the  ovaria  (XLII).  I afterwards  kept  two 
females  in  a veflel  full  of  water,  which, 
without  the  approaches  of  the  male,  dif- 
charged  their  long  and  vifcid  cords,  but  the 
fetufes.  all  penfhe'd  for  want  of  fecundation. 
If  we  now  compare  the  fafls  related  in  this 
paragraph,  we  Arali  find,  that  Swammerdam’s 
opinion  is  not  univerfally  true  ; for  although 
the  embraces  of  the  male  are  poAerior  to  the 
elefcent  of  the  fetufes  into  the  uterus  in  the  tree- 
frog,  yet  this  does  not  happen  in  the  aquatic 
frog  and  in  toads.  Secondly,  it  will  appear, 

that' 
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that  the  drong  comprefifion  of  the  male  is 
very  far  from  being  always,  as  Vallifneri 
imagined,  the  caufe  of  the  feparation  of  the 
fetufes  from  the  ovaria.  We  cannot  there- 
fore on  this,  any  more  than  on  numberlefs 
other  occafionSjlay  down  any  general  rule,  but 
mud  be  attentive  to  the  variation  of  Nature, 
in  the  endlefs  multiplicity  of  her  operations. 

XCVIII.  V.  I diali,  perhaps,  be  alked  to 
point  out  the  caufe  of  the  male’s  perfeverance 
in  his  embraces,  wffich  in  fome  cold  coun- 
tries lad  above  forty  days,  as  Swammerdam 
obferved  in  Holland.  It  may  alfo  be  en- 
quired, why  thefe  animals,  during  their  a- 
mours,  not  only  abdain  from  food,  but  diU 
regard  their  own  fafety,  for  at  this  time  they 
will  not  make  any  efforts  to  avoid  being 
taken. 

I can  affign  no  other  caufe,  but  that  phy- 
fical  neceffity  which  compels  the  individuals 
of  different  fexes  to  approach  each  other  at 
this  feafon.  Under  the  dominion  of  this  in- 
fluence, which,  in  thefe  amphibious  crea- 
tures, as  in  other  animals,  is  probably  more 
drongly  felt  by  the  male  than  the  female, 
they  go  in  qued  of  each  other  and  copulate. 
The  copulation  mud  lad  till  their  mutual 
neceffities  are  fatisfied  ; this  neceffity,  in  the 
female,  confids  in  the  expulfion  of  the  fe- 
tufes, and  in  the  male,  in  the  emiffon  of  fe- 
men  ; for  the  amorous  impetus  is  occafloned 
and  exalted  by  this  fluid,  with  which  the 
fpermatic  veffels  are  gradually  filled  during 
their  embraces.  Their  pertinacity  may  have 
indeed  another  origin  ; they  may  fear,  led  if. 
they  ffould  quit  their  female,  ffe  ffould  be 
occupied  by  another  male;  we  know  that 
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animals  are  not  exempt  from  jealoufy  ; and  I 
have  had  occahon  to  remark,  that  it  is  parti- 
cularly vehement  in  thofe  of  which  we  are 
fpeàking.  Their  amorous  ardour,  which,  at 
tliis  feafon,  feems  to  be  their  only  feeling, 
may  render  them  infenlible  to  the  call  of 
hunger  and  to  danger.  The  long  adhefion 
of  the  male  to  . the  female,  and  the  negledtof 
themfelves,  is  not  peculiar  to  frogs  and  toads, 
but  extends  to  various  other  animals,  as  we 
every  day  obferve  in  infedls,  and  in  fome  ani- 
mals of  confiderable  fize;  as  in  the  turtle,  of 
which  natural  ills  have  obferved,  that  the 
male  and  female  continue  attached  to  each 
other  for  feveral  days  -,  and  in  tliis  fituation, 
the  fifhermen  ealily  take  them  together. 

XCIX.  VI.  This  blind  ardour  of  the  male, 
has  furnifhed  me  with  an  opportunity  of  at- 
tempting fome  uncommon  experiments,  with 
an  account  of  which,  I hope  my  readers  will 
not  be  diipleafed.  In  paragraph  XLI  it  is 
faid,  that  if  a couple  of  the  fpecies  of  toad 
with  red  eyes  and  dorfal  tubercles,  happened 
to  efcape  out  of  my  veffels,  when  coupled, 
the  male  did  not  quit  the  female,  notwith- 
standing die  got  to  dry  ground.  I was  fur- 
ther defirous  of  knowing,  whether  a fepara- 
ti'on  would  take  place  in  confequence  of  vio- 
lence. I therefore  fufpended  a male,  by  a 
thread  tied  to  one  of  his  hind  feet,  for  a quar- 
ter of  an  hour  -,  he  would  not,  however,  loofe 
his  hold,  notwithftanding  the  long  continu- 
ance of  this  violent  attitude,  and  the  weight 
of  the  female,  which  was  fo  much  larger  than 
himfelf.  I next  pricked  him  with  a needle 
in  the  hind  legs,  the  thighs,  the  back,  fides 
and  head,  till  the  blood  ilfued  out  at  every 
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pun&ure.  He  would  move  and  writhe,  and 
ffretch  out  and  contract  his  body,  but  did 
not  quit  his  hold.  I afterwards  cut  the  body 
in  various  parts  with  fciffars  ; but  this  expe- 
dient was  ftill  ineffectual  ; not  would  he  tor- 
fake  his  fituation,  when  I cut  away  fmall 
pieces  of  beffi  ; I even  amputated  a thigh 
without  effeCt,  and  it  was  not  till  after  thir- 
teen hours,  that  the  male,  after  fo  much  tor- 
ture, parted  from  the  female,  and  expired  the 
fame  inftant. 

I put  another  male  to  this  female,  and  as 
foon  as  he  had  clafped  her  clofely,  cut  off" 
both  his  thighs  without  caufing  afeparation  : 
gnd  what  is  more  furprizing,  the  female  be- 
gan to  difcharge  the  cords  three  hours  after- 
wards, and  the  male,  with  his  blood  flowing 
all  the  time,  continue  to  impregnate  them 
with  femen,  till  the  whole  was  difcharged. 
The  impregnation  was  effectual,  and,  as 
ufual,  the  greater  part  of  the  fetufes  were 
.evolved. 

I feparated  the  male  ,of  another  couple  by 
force,  and  then  cut  off  his  two  thighs.  He 
was  left  with  the  female,  that  it  might  be 
feen,  whether  he  would  refume  his  employ- 
ment; an  event  which  actually  took  place, 
but  he  died  before  the  exclufion  of  the  cords. 

My  laft  experiment  conlifted  in  cutting  off" 
the  fore-feet  of  a male,  and  putting  him  to 
a female.  Now  the  fore-feet  enable  thè 
male  to  clafp  the  female  fo  clofely.  The 
fubjeCt  of  my  experiment  inftantly  leaped 
upon  her  back,  as  if  he  had  buffered  nothing, 
and  maintained  his  pofltion,  embracing  her 
with  his  bloody  (lumps,  till  he  had  fprinkled 
the  cords  with  feminal  fluid, 
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C.  I will  not  enter  into  the  particulars 
of  other  like  experiments,  that  were  made 
upon  the  fetid  terredrial  toad  and  frogs.  I 
will  only  obferve,  that  they  coincided  with 
thole  I have  related  : the  amputation  of  the 
limbs  neither  preventing  the  embraces  nor 
fecundation.  Nay,  even  the  decapitation 
of  a frog,  did  not  prevent  either  the  one  or 
the  other.  It  is  well  known,  that  thefe  ani- 
mals are  fo  tenacious  of  life,  that  this  opera- 
tion does  not  take  it  away  immediately. 
That  of  which  I am  fpeaking  was  thrown 
into  convullions,  but  neither  the  fore-feet 
nor  legs  quitted  the  bread;  of  the  female, 
which  brought  forth  her  fetufes  in  an  hour 
and  dhree  quarters,  and  I was  an  eye-witnefs 
of  the  male's  belprinkling  them  with  femen; 
that  they  were  fecundated,  there  can  be  no 
doubt,  lince  they  came  to  life  at  the  ufual 
time.  As  foon  as  he  performed  this  opera- 
tion, he  deferted  his  lituation,  and  died  four 
hours  afterwards. 

The  toad  mentioned  in  paragraph  XCIII, 
was  alfo  the  viéfim  of  an  experiment  of  the 
fame  fort.  In  Augud  1779,  at  Genthod,  the 
delightful  villa  of  Mr.  Bonnet,  I cut  off  both 
the  thighs  of  a male  of  that  fpecies,  while  it 
was  embracing  the  female  ; but  without  ef- 
fecting a feparation,  which  did  not  take  place 
till  many  hours  afterwards,  a little  before  the 
death  of  the  animal.  Belides  Mr.  Bonnet, 
Mr.  John  Trembley  was  prefent  at  this  ex- 
periment. I was  alked,  whether  this  perti- 
nacity of  the  male  was  the  effeét  of  d ' J ’ ‘ 


this  appeared  to  be  one  of  thofe  quedions,  of 
which  the  determination  requires,  that  one; 


infenfibility,  or  amorous  ardour. 
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fhould  enter  into  an  animal  without  at  the 
fame  time  becoming  one  ; yet  I hditated  not 
to  fay,  that  I thought,  as  I now  do,  that  this 
perfeverance  was  lefs  the  effedt  of  obtufenefs 
of  feeling,  than  vehemence  of  paflion,  which, 
as  we  have  feen,  renders  them  infenfible  to 
the  call  of  hunger,  and  carelefs  of  their  fafety 
(XCVIII).  Such  a degree  of  limpidity  can- 
not, I think,  confili:  with  the  great  irritability 
of  thefe  animals,  and  the  figns  they  Ihew  of 
keen  feelings,  whenever  they  are  wounded, 
or  have  their  limbs  cut  off  during  their 
amours. 

CI.  VII.  Swammerdam,  in  his  account  of 
the  generation  of  frogs,  fuppofes,  that  the 
eggs  do  not  immediately  pafs  from  the  ovaria 
into  the  oviduffs,  but  that  they  pafs  firft 
through  the  abdomen.  He  reffs  his  opinion 
upon  the  inftance  of  a frog,  in  which  he 
found  the  eggs  partly  in  the  ovaria,  and 
partly  in  the  abdomen,  befides  thofe  which 
wrere  already  in  the  ovidudls  and  uterus. 
Roefel,  fpeaking  of  the  dark-brown  terref- 
trial  frog,  fays,  that  he  has  found  many 
eggs  in  the  abdomen,  without,  however, 
adopting  or  rejecting  the  opinion  of  Swam- 
merdam. Of  thefe  eggs,  or  more  properly, 
of  thefe  tadpoles,  lying  loofe  in  the  cavity  of 
the  abdomen,  I have  already  fpoken  (LXVII)  ; 
but  if  I may  confefs  what  I think,  I have  no 
inclination  to  accede  to  the  opinion  of  the 
Dutch  naturali!!:.  I fhould  imagine,  that  if 
the  fetufes  were  to  pafs  through  the  cavity  of 
the  abdomen  before  they  entered  the  ovidudts, 
they  w'puld  frequently  be  found  there  in  fe- 
males during  copulation,  fince  they  are  fo 
often  found  in  the  ovidudts  and  uterus.  Yet 
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the  contrary  is  true.  I wifh  to  avoid  the 
charge  of  oftentation,  when  I obferve,  that 
having  kept  an  account  of  the  number  of 
frogs  and  toads,  which  I have  opened  at  the 
time  of  their  amours,  for  this  and  the  fol- 
lowing difiertatipn,  I find  that  it  amounts  to 
202 7 ; nor  did  I ever  find  the  fetufes  in  the 
cavity  of  the  abdomen,  except  on  three  oc- 
cafions,  of  which  two  are  mentioned  in  pa- 
xagragh  LXVII,  and  the  other  in  CXXII. 
I am  much  more  difpofed  to  believe,  that  fe- 
tufes  pafs  immediately  from  the  o varia  to  the 
oviduCts.  Hence  I think,  that  if  ever  they 
get  into  the  cavity  of  the  abdomen  or  thorax, 
it  proceeds  from  their  never  having  got  into 
the  oviducts,  or  from  fome  laceration,  as  is 
intimated  in  paragraph  LXVII.  Let  the  im- 
partial reader  determine. 

GII,  VIIL  The  fetufes,  after  having  tra- 
verfed  the  long  and  tortuous  canal  of  the  ovi- 
ducts, areali  collected  in  the  uterus,  whence 
they  pafs  into  the  reCtum,  and  then  out  at 
the  vent.  The  difcharge,  in  one  fpecies  of 
toad,  is  aided  by  the  male.  Placed  as  ufuai 
upon  the  back  of  the  female,  and  clafping 
her  with  his  fore-feet,  he  waits  impatiently 
for  the  expulfion  of  the  cord  (in  this  fpecies 
there  is  only  one  cord)  ; at  the  inflant  of  its 
appearance,  he  lays  hold  of  the  end  with  his 
toes,  and  draws  out  a piece  of  the  cord  ; this 
manoeuvre  is  repeated  till  the  whole  cord  is 
extracted.  So  intent  is  the  male  upon  his 
employment,  that  he  may  be  taken  and  placed 
upon  the  hand.  And  though  this  may  caufe 
fome  interruption,  yet  he  will  foon  refume 
his  talk  with  equal  ardour.  This  informa- 
tion is  owing  to  a cafual  obfervation  ol  Mr. 
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Demourè,  on  the  fmall  fpe'cies  of  terreftrial 
toad,  as  he  denominates  the  animal,  he  faw 
nothing  from  which  he  could  colled;,  that 
the  male  bedews  the  eggs  with  femen,  while 
he  is  employed  in  extrading  them  (a). 

It  is  to  be  lamented,  that  the  French  ob- 
ferver  did  not  particularly  defcribe  the  fpecies. 
It  is  certainly  different  from  either  of  thofe, 
of  which  I have  treated  ; fmce  I could  never 
obferve,  that  the  male  affifted  in  bringing 
forth  the  young,  while  it  was  eafy  to  fee, 
that  he  bedewed  them  with  femen.  Roefel, 
who  mentions  this  fad:  incidentally,  adds, 
that  he  never  obferved  any  appearance  that 
could  be  compared  with  it  : it  might  like- 
wife  have  been  expeded,  from  the  accuracy 
of  the  obferver,  that  he  fhould  have  taken  no- 
tice whether  the  eggs  wereprodudi  ve,  fince  we 
might  have  hence  colleded,  whether  they 
are  impregnated  within  the  body  of  the  fe- 
male. It  were  alfo  to  be  wifhed,  that  fo  in- 
terefting  an  obfervation  fhould  have  been  re- 
peated. In  fhort,  the  fad  being  folitary, 
and  happening  unexpededly,  fhould  have 
been  confirmed,  and  the  narration  ought  ra- 
ther to  awaken  than  fatisfy  the  curiofity  of 
the  philofopher. 

ClII.  IX.  Daily  experience  fliews,  that  in 
an  immenfe  number  of  animals,  fecundation 
takes  place  within  the  body  of  the  female. 
It  might  perhaps  be  thought,  that  we  are 
warranted  to  conclude,  from  analogy,  that 
this  is ‘an  univerfal  law  of  Nature.  And  it 
has  accordingly  been  admitted  as  fuch  by 

(0)  The  reader  will  find  this  very  curious  obfervation 
related  at  full  length  in  the  Appendix.  T. 

vulgar 


78  DISSERTATION  I. 

vulgar  reafoners.  But  as  on  many  other  oc- 
cafions,  when  the,  law  was  fuppofed  to  admit 
no  exception,  fo  on  this,  analogical  argu- 
ments have  been  found  to  difagree  with  ex- 
periment. Swammerdam  firff  fhewed,  that 
impregnation  is  effected  without  the  body  of 
the  female  in  one  l'pecies  of  frog;  andRoefel 
extended  this  difcovery  to  another  amphibi- 
ous animal  of  a fimilar  kind.  I have  had  the 
fatisfaCtion  to  difcover  this  external  fecunda- 
tion in  other  fpecies  of  frogs-and  toads,  and 
have,  moreover,  clearly  beheld  the  fecundat- 
ing liquid  iffuing  from  the  male,  and  falling 
on  the  fetufes,  after  they  were  expelled  from 
the  uterus  of  the  female  (Chap.  I,  II,  III, 
IV). 

CIV.  But  we  know,  that  befides  the  fpe- 
cies, in  which  it  has  been  found  that  im- 
pregnation is  external,  there  are  many  others 
included  under  the  genus  of  frogs,  as  well 
as  that  of  toads,  both  European  and  foreign. 
We  fhall  be  convinced  of  this,  by  opening 
any  modern  nomenclator,  as  Linnasus  for 
instance.  What  then  are  we  to  conclude, 
concerning  the  mode  of  fecundation  in  them  ? 
From  thefe  conjectures  we  may  be  willing 
to  believe,  that  it  is  the  fame  in  the  fpecies 
that  have  not  been  examined.  But  we  can- 
not be  certain  without  experiments.  Among 
thofe,  which  in  this  rel'peCt  require  to  be 
examined  by  the  naturalift,  the  famous  toad 
of  Surinam,  denominated  by  the  natives 
Pipa  or  Pipai  {a),  fo  remarkable  for  its  pro- 

(a)  Pipa  (Rana)  Digitis  anticis  muticis quadridentatis, 
poiticis  unguiculatis.  Linn.  S.  N.  1'.  i. 
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perty  of  bringing  forth  the  young  at  the 
back,  would,  in  my  opinion,  deferve  the 
preference. 

The  celebrated  Merian,  who,  with  courage 
truly  heroic,  went  from  Holland  to  America, 
towards  the  clofe  of  the  laft  century,  to  ob- 
serve the  infedts  of  that  unwholefome  climate, 
firft  made  us  acquainted  with  this  animal. 
It  was  afterwards  examined  by  the  acuteft 
naturalifts,  by  Ruyfch,  Folkes,  and  Baker, 
and  found  exadtly  to  agree  with  the  defcrip- 
tion  left  by  that  illuftrious  lady.  Its  back 
has  cavities  or  cells,  each  containing  a young 
toad.  I had  myfelf  the  fatisfadlion  of  feeing 
this  rare  and  indeed  lingular  phenomenon,  in 
the  public  inftitute  of  Bologna,  and  to  ftill 
greater  advantage  laft  year  at  Geneva,  in 
company  with  my  refpedtable  friends  Bon- 
net, Senebier,  Abraham  and  John  Trembley. 
Nay,  the  pofteffor,  who  had  many  years 
kept  it  in  fpirits  of  wine,  obligingly  afforded 
Mr.  Bonnet  and  myfelf  an  opportunity  of 
making  a number  of  obfervations  upon  it; 
and  above  all,  to  examine  at  leifure  the  dorlal 
cells,  which  were  very  numerous,  and  of 
which  each  contained  a fetus.  Thefe  obfer- 
vations, together  with  others,  which  my  il- 
luftrious colleague  made  after  my  departure 
from  Geneva,  may  be  found  in  a Memoir 
printed  in  Rozier  s Journal,  which  at  once 
ihews  the  learning  and  good  fenfe  of  the  au- 
thor, as  well  as  his  impartiality  with  refpedt 
to  his  own  opinions.  Having  denied,  in  his 
Corps  organises,  the  exiftence  of  the  cells,  on 
the  authority  of  a celebrated  profelfor  at 
Leyden  ( a ),  he  not  only  confeftes  in  the  Me- 
( a ) Mr,  Allatnancl. 
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moir,  they  are  not  to  be  found,  but  defcribes 
them  in  a manner  fo  particular,  as  to  remove 
all  doubts  concerning  their  exigence.  He 
concludes  with  propofibg  feveral  queftionsy 
calculated  to  illuftrate  the  natural  hiftory  of 
this  wonderful  native  of  Surinam,  which  is 
yet  dark  and  imperfect.  It  is  eafy  to  fup- 
pofe,  that  the  Genevefe  philofopher  would 
not  overlook  what  relates  to  the  manner  of 
impregnation.  But  we  cannot  hope  for  the 
folution  of  this,  any  more  than  the  other 
queftions,  except  upon  the  fpot  where  the 
pipa  lives,  and  propagates  its  fpecies,  if  we 
cannot  naturalize  it,  as  Vallifneri  naturalized 
the  cameleon  of  Africa. 

But  befides  frogs  and  toads,  it  is  fuppofed, 
that  fecundation  is  external  in  fcaly  fifhes. 
When  the  female  has  laid  her  eggs,  the  male 
is  faid  to  go  in  queft  of  them,  and  fprinkle 
them  with  femen . There  is  then  no  real 
copulation  between  thefe  animals,  though  the 
male  approaches  the  female  at  the  fealon  of 
their  amours,  and  is  fometimes  feen  to  rub 
his  belly  againlf  that  of  his  mate 3 this  ap- 
pearance takes  place,  becaufe  the  male  im- 
pregnates the  eggs  at  the  inftant  they  fall 
from  the  female.  This  is  the  opinion  of 
Buffon  (a)  ; and  the  manner  in  which  he  de- 
livers it,  would  lead  us  to  fufpedt,  that  he 
had  the  moft  certain  proofs  of  it,  though  he 
has  in  truth  no  better  foundation  for  it,  than 
the  notion  which  was  generally  prevalent  till 
the  time  of  Swammerdam  (b),  th-^t  the  ce-  j, 
taceous  clafs  impregnates  the  eggs  without  tt’ 
copulation.  This  notion  was  not,  I think, 

(a)  Nat.  Hift.  T.  2.  p.  313*  (£)  Bibl.Nat. 
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iuppòrted  by  any  obfervation  upon  which  re- 
liance could  be  placed.  Hence  it  is  no  won- 
der that  other  naturaliifs,  and  among  the  red; 
the  illuflrious  Haller,  fhould  incline  to  be- 
lieve, that  fiihes  really  copulate  for  leverai 
regions,  which  cannot  properly  be  recited 
here,  but  may  be  feen  in  his  great  work. 
Though  thefe  reafons  have  far  greater  weight 
than  the  bare  alfertion  of  Buffon,  yet  I can- 
not think  them  decifive,  as  they  are  deflitute 
of  fads,  by  which  alone  the  problem  can  be 
difiolved. 

The  mode  of  fecundation  in  fiihes  is  very  ex- 
traordinary, according  to  Binnasus;  he  fup- 
pofes,that  the  femalepurfues  themalewhilehe 
is  emitting  the  femen,and  devours  it*  and  thus 
is  impregnated  (.a) . In  the  time  of  Vallifneri, 
there  lived  at  Rome  a phyfician,  who  taught 
that  pigeons,  lparrows,  and  many  other 
animals,  were  fecundated  by  the  mouth  (<£)* 
Both  thefe  opinions  are  palpably  falfe.  Fe- 
male fillies  have,  indeed,  been  oblerved  to 
fwallow  the  femen,  not  becaufe  it  then  ferves 
to  impregnate  them,  but  fimply  for  food. 
The  male  devours  it  with  equal  greedinefs 
for  the  fame  reafon.  The  fame  obfervations 
are  applicable  to  the  eggs. 

CV.  Hence  it  appears,  that  we  know  not 
certainly  the  mode  of  fecundation  in  fiihes* 
The  element  they  inhabit,  is  fomuch  more  dif- 
ficult of  accefs  than  the  land  and  air,  that  we 
cannot  wonder  the  natural  hiftory  of  fillies 
is  fo  little  advanced.  Having  often  meditated 
upon  this  fubjeóì:,  which  is  yet  among  the 
myfteries  of  nature,  I have  been  llruck  by  a 

(a)  Sponf.  Plant.  ( b ) Vallifn.  op.  in  fogl.  T.  3. 
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thought,  which  my  other  occupations  have 
not  yet  permitted  me  to  bring  to  the  teft  of 
experiment.  I willingly  lay  it  before  my 
readers.  The  golden  fillies  of  China  ( a ) are 
now  very  common.  Italy  in  particular  a- 
bounds  with  them,  there  being  fcarce  a pond 
that  is  not  fupplied  with  them.  The  beauty 
of  their  colours  induces  many  to  keep  them 
in  vefiels  in  their  apartments.  The  amours 
of  thefe  fillies  happen  feveral  times  a year, 
and  as  they  have  little  timidity,  they  do  not 
defili  from  their  employment  when  the  ob- 
lerver  Hands  clofe  to  them.  The  reader  is  by  ~ 1 
this  time  in  pofiefiion-  of  my  ideas.  Let  thefe 
fifhes  be  carefully  watched  when  they  are 
propagating  their  fpecies,  and  we  fhall  foon 
know,  whether  they  really  copulate,  or 
whether  the  male  darts  his  femen  upon  the 
eggs  after  they  are  di  (charged,  or,  in  fhort, 
whether  fecundation  takes  place  in  any  other 
way.  If  it  is  external,  the  afperfion  of  the 
femen  cannot  efcape  the  attentive  oblerver,  as 
it  is  of  a turbid  colour.  I will  not  flay  to 
point  out  the  means  of  alcertaining  whether 
the  eggs  are  fecundated,  and  in  what  man- 
ner, as  the  reader  may  gather  them  from  the 
preceding  obfervations  on  the  generation  of 
amphibious  animals. 

CVI.  Recent  obfervations  feem  to  have 
eflablifhed  the  certainty  of  external  fecunda- 
tion in  bees.  If  the  ingenious  obfervations  {b) 
of  Mr.  Debraw  may  be  relied  upon,  the  eggs 
of  this  induflrious  infed  are  impregnated  afi- 

. • '? 

(a)  Cyprinus  auratus,  pinna  ani  gemina  cauda  tranf- 
verfa  biforca.  Linn.  S.  N.  T.  i. 

( b ) Philyfoph.  Tranf.  Voi.  LXXII. 
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ter  the  queen  has  difcharged  them.  She,  as 
it  is  well  known,  depofits  them  in  the  cells. 
The  Englifb  naturalifl  obferved,  that  when 
they  are  accompanied  with  a whitifh  liquor, 
which  the  male  voids  from  the  pofterior  part 
of  his  body,  they  never  fail  to  be  produ&ive  ; 
but  when  this  liquor  is  not  prefent,  they  are 
fure  to  perifh.  The  author  kept  an  hive 
without  drones.  The  queen  laid  her  eggs, 
as  ufual,  but  as  they  were  not  impregnated 
with  the  white  liquor  of  the  male,  they  pro- 
duced no  young. 

The  experiment  was  varied  in  the  follow- 
ing manner.  An  unimpregnated  hive  was 
divided  into  two  parts,  of  which  one  was  fet 
under  a glals-bell  ; in  this  was  a queen,  to- 
gether with  working  bees,  but  without 
males,  the  eggs  were  not  productive;  but  the 
contrary  happened  in  the  other  part  of  the 
hive,  which  was  likewjfe  fet  under  a glafs- 
bell,  and  contained,  befide  a queen  and 
common  bees,  a quantity  of  males.  And  the 
eggs  were  impregnated  by  the  white  liquor 
which  the  males  void  in  the  cells  containing 
eggs.  The  diffedtion  undertaken  by  the 
Englifh  obferver  proves,  that  this  liquor  is 
the  true  femen  ; for  he  found  it  in  thole  vef- 
fels  of  the  male,  which  are  univerfally  fup- 
pofed  to  be  appropriated  to  the  reception  of 
the  feminal  fluid. 

From  this  it  appears,  that  the  two  natural- 
ids,  who  have  written  fo  well  concerning 
bees,  have  fallen  into  error.  Swammerdam 
thinks,  that  exhalations  from  the  males  are 
abforbed  by  the  female,  and  ferve  to  fecun- 
date the  eggs  ; while  Reaumur  has  been  led 
by  deceitful  appearances  to  fuppofe,  that  thefe 
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infedts  perpetuate  their  kind  by  real  copula- 
tion. Moreover,  the  fufpicion  entertained 
by  the  celebrated  Maraldi,  is  completely  ve- 
rified; this  writer,  in  his  obfervations  on 
bees,  conjectures,  that  the  eggs  are  impreg- 
nated after  they  are  laid,  by  the  whitifli  mat- 
ter above  delcribed;  he,  however,  was  not 
diligent  to  enquire  further. 

From  what  has  been  faid  on  external  fe- 
cundation, it  appears,  that  the  number  of 
animals,  in  which  we  are  certain  that  this 
mode  takes  place,  is  very  inconsiderable.  We 
may  prefume,  that  the  induftry  of  obfervers 
will  increafe  it,  for  many  other  difcoveries 
have  been  extended  to  a multitude  of  fub- 
jeCts,  though  they  at  firft  leemed  to  be  con- 
fined to  a Single  fpecies. 

CVII.  X.  Fecundation  in  newts  is  ac- 
companied with  circumstances,  that  are  not 
common  to  other  animals,  and  deferve  to  be 
confidered.  The  fetufes  (for  the  elongated 
bodies,  fuppofed  to  be,  eggs  are  only  young 
newts  not  yet  unfolded  LXXXVII),  are  im- 
pregnated within  the  body  of  the  female. 
But  the  male  does  not  introduce  into  her  any 
partthat  characterizes  the  fex,  for,  in  truth,  he 
has  not  any  fuch  part;  he  only  darts  his  fe- 
men  into  the  water;  the  femen  gets  into  the 
anus  of  the  female  prepared  to  receive  it,  and 
thus  Site  is  fecundated.  And  here  occurs 
another  Singularity  that  deferves  to  be  no- 
ticed. According  to  the  general  opinion  of 
the  beft  anatomiffs  and  phyfiologifls,  the 
ovaria  are  the  feat  of  fecundation  ; but  this 
cannot  be  the  cafe  in  the  newt.  When  the  Se- 
minal fluid  gets  to  the  inferior  orifice  of  the 
oviduCte,  it  cannot  poflibly  pafs  any  further, 

for 


DISSERTATION  I.  85 

for  its  paflage  is  flopped  by  the  fetufes,  which 
now  occupy  more  or  lefs  of  theie  canals,  and 
are  generally  thickeft  at  the  mouth.  The 
lemma!  fluid  then  hops  here,  and  moiftens 
the  fetufes  as  they  come  forth.  Thefe  are 
the  only  ones  that  are  fecundated  ; but  they 
are  fucceeded  by  others,  which  are  in  like 
manner  fecundated  by  new  emiflions  of  fe- 
rnen,  and  fo  on  till' all  are  impregnated.  I 
fuppole  the  reader  to  recoiled;  paragraghs 
LXXX,  LXXXI,  L XXXII.  LXXXIV, 
LXXXV.  upon  which  thefe  dedudions  are 
founded. 

CVIII.  XI.  Though  the  chief  objedof  this 
differtation  is  generation,  yet  I have  hitherto 
confidered  it  in  a few  animals  only.  I finali 
now  extend  my  ideas,  and  make  ufe  of  the 
data  which  my  experiments  afford,  as  princi- 
ples that  will  prevent  me  from  falling  into 
error  in  this  intricate  enquiry.  The  molt 
celebrated  fy Items  concerning  generation  may 
be  reduced  to  two  : the  one  attempts  to  ex- 
plain the  formation  of  animated  beings  me- 
chanically ; the  other  fuppofes,  that  they  are 
already  formed  and  pre-exifting,  and  that  the 
ad  of  fecundation  only  unfolds  them,  and 
renders  them  vilible.  Thole  who  favour 
this  fecond  fyftem,  are  divided  into  two 
parties;  fome  naturalifts  being  of  opinion, 
that  the  fetus  pre-exifts  in  the  female,  and 
others  in  the  male.  It  is  generally  known, 
what  efforts  the  eloquent  Buffon  has  made  to 
bring  the  former  fyftem  (which  is  called  the 
fyftem  of  Epigenefis,  and  is  of  more  an- 
cient date)  into  repute,  by  means  of  his  fa- 
mous organic  molecules.  The  powerful  op- 
pofition  that  has  been  made  to  this  fyftem, 
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is  alfo  well  known.  It  has  been  ably  refuted 
by  the  great  Haller,  not  only  in  his  phyfio- 
logy,  but  alfo  in  a Separate  publication,  en- 
titled Reflections  on  the  Syjiem  oj  Generation 
of  Mr.  Bufl'on.  The  arguments  adduced  by 
Mr.  Bonnet  in  his  Corps  organifés,  are  notlefs 
cogent.  Obferving,  however,  that  the  ob- 
jections of  both  Haller  and  Bonnet,  though 
of  great  moment,  are  not  direct,  fince  thefe 
writers  have  not  enquired  into  the  exigence 
of  the  organic  molecules,  which  conflitute 
the  bafe  of  Mr.  Buffon’s  edifice,  I conceived 
it  neceffary  to  enter  into  an  examination  of 
them,  and  have  found  that  this  fy.ftem,  like 
all  his  other  favourite  hypothefes,  is  the  pro- 
duct of  his  fervid  fancy,  which  fo  represents 
fhadows,  as  to  make  them  appear  like  realities 
to  thofe,  who  have  not  a confiderable  fhare 
of  difcernment.  I flatter  myfelf,  that  my 
Effays  (a)  prove  the  truth  of  my  affertions. 

The  preceding  obfervations  on  amphibious 
animals,  furnifh  another  irrefragable  argu- 
ment againft  the  French  naturali#.  He 
thinks  that  the  fetus  does  not  exift  before  fe- 
cundation, but  is  formed  during  this  adt,  for 
then  the  organic  molecules,  which  are,  ac- 
cording to  him,  the  effence  of  the  femen  of 
the  male  and  female,  meet  and  combine  in 
the  uterus,  and  by  virtue  of  certain  relations, 
are  modelled  into  an  organized  body.  But 
my  obfervations  on  frogs,  toads,  and  newts, 
are  diametrically  repugnant  to  this  imaginary 
theory.  They  prove,  that  the  fetus  exifhs  in 
the  female  long  before  impregnation  (XVIII, 


(<7)  Opufcoli  di  Elica  animale  e vegetabile.  Modena 
1773-  . » 
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XIX.  XXX.  LIV,  LV,  LVI,  LVII.  LXXIL 
XCiyi  Now  this  is  probably  the  cafe  in 
other  animals.  My  experiments,  indeed, 
were  all  made  upon  animals  of  cold  blood  ; 
and  this  circumfbmce  may  afford  room  'to 
doubt',  whether  the  concluflon  is  to  be  ex- 
tended to  thofe  of  warm  temperature..  But 
all  fuipicfon  muff  be  removed,  now  the  fame 
obiervations  have  been  made  upon  this  clafs. 
X allude' to  this  luminous  difcovery  of  Haller, 
who  has  fhewn,  that  in  birds  the  young exifts 
.in  the  fehaale' before  fecundation  ; but  as  this 
difcdvery  is  very  generally. known,  it  will  be 
unneceffary  to  relate  it  here.  As  then  we 
have,  both  in  the  clafs  of  cold  and  that  of 
hot  animals,  inffancbs  of  the  pre-exiftence 
of  the  fetus,  I can  fee  no  reafon,  why  we 
fhould  not  apply  the  obfervation  to  the  reff . 
We  have  at  lead:,  till  the  contrary  diali  be 
proved,  good  grounds  for  believing  that  this 
is  the  cafe. 

CIX,  But  thefe  obfervations  lead  to  other 
conlequences.  I have  remarked,  that  thofe 
who  admit  the  pre-exidence  of  the  fetus,  are 
divided  into  two  parties,  of  which  one  be- 
lieves, that  they  lie  in  the  female,  the  other 
in  the  male  (CVIII).  According  to  the  latter, 
the  fetufes  are  the  worms  that  float  in  the  fe- 
men,  and  pafs,  during  coition,  from  the 
male  into  the  female.  But  the  falfity  of  this 
opinion  is  now  obvious.  In  paragraph  VIII. 
Ì obferved,  that  after  the  oviform  corpufcles, 
or  the  mature  fetufes  of  the  green  aquatic 
frog,  • have  defcended  into  the  uterus,  the 
ovaria  contain  others  of  a fmaller  fize,  which 
ferve  the  year  following  to  continue  the 
fpecies.  The  like  remark  was  made  (LX Vi 
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and  LXXXV),  concerning  the  fetid  terref- 
trial  toad  and  water-newt.  I may  now  add, 
that  I have  difcovered  the  fame  thing  in  the 
other  amphibious  animals  mentioned  in  this 
work  ; fo  that  we  may  fafely  fay,  that  the 
little  fetufes  are  to  be  found  in  the  ovaria,  at 
lead:  a year  before  thefe  animals  feek  each 
other  for  the  purpofe  of  generation  . they  do 
not,  therefore,  pafs  from  the  male  to  the  fe- 
male during  the  adt  of  fecundation. 

Here  it  is  proper  to  anfwer  a queddon  that  - 
may  be  afked.  It  appears  from  the  obferva- 
tions  of  naturalifls,  that  thefe  feveral  fpecies 
of  amphibious  animals  begin  to  propagate 
the  fecond  year.  And  it  is  probable,  that 
they  continue  to  do  this  as  long  as  they  live; 
that  is  to  fay,  for  a confiderable  feries  of 
years  ; we  have  at  leaf  PvoefeFs  authority  for 
believing  that  frogs  live  ten  years  or  lon- 
ger (a)  ■ and  it  feems  likely,  that  toads  come 
near  them  in  this  refpedt.  ■ Let  it  then  be 
fuppofed  that  they  propagate  for  nine  )'ears. 
The; females  will  exclude  nine  fucceffions  of 
fetufes.  If  we  examine  the  females  during 
the  firft  year  of  their  growth,  we  diali  not 
find  any  fetufes  in  the  ovaria.  We  are  not 
able  to  diftingunh  any  before  the  fecond 
year,  when  two  fets  appear,  viz.  the  mature 
ones,  thofe  which  are  to  be  brought  forth 
that  year,  and  the  immature  ones,  which  will 
be  produced  the  fucceeding  year.  That  year 
the  third  fuccefdon  of  fetufes  becomes  vifible, 

[a)  If  any  conclufion  may  be  deduced  from  the  cu- 
jrious  account  of  a toad  in  the  Appendix  to  the  Britifh 
Zoology,  the  term  here  affigned  is  too  fhort.  The  in- 
dividual there  deferibed  is  faid,  if  I remember  right,  to 
have  lived  at  lcaft  thirty-fix  years.  T. 
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and  the  fourth  year  the  fourth  fuccefiion; 
and  in  this  manner  one  fuccefiion  only  every 
year.  Now  it  may  be  afked,  whether  thefe 
orders  of  fetufes,  which  fucceffively  appear  in 
the  ovaria,  pre-exifted  in  them  without  being 
vifible;  fo  that  they  are  only  evolved,  and 
rendered  confpicuous  by  time,  or  rather  whe- 
ther they  are  formed  in  fuccefiion,  a new  or- 
der being  annually  generated. 

I fliould  reply  without  hefitation,  that  as 
it  is  by  no  means  proved,  notwithffanding 
the  efforts  of  the  modern  favourers  of  Epi- 
genefis,  that  any  fuch  formation  of  organic 
bodies  takes  place,  either  in  the  animal  or 
vegetable  kingdom,  and  as  all  Nature  abounds 
withjfuchevolutions, according  to  theaccounts 
of  the  moft  judicious  philofophers  of  this 
age,  it  is  natural  to  fuppofe,  that  thefe  orders 
of  fetufes,  which  annually  make  their  ap- 
pearance in  the  ovaria,  are  not  fucceflively 
generated,  but  co-exiftedwith  the  female,  and 
are  only  unfolded,  and  rendered  vifible  in 
progrefs  of  time,  by  the  fupplies  of  nutri- 
tive liquor  that  come  from  the  female.  This 
co-exiffence  of  fucceflive  orders  of  fetufes, 
which  become  vifible  in  the  ovaria,  is  ana- 
logous to  that  which  takes  place  in  the  limbs. 
Tadpoles  have  at  firff  no  legs.  Thefe  parts 
appear  only  when  they  are  about  to  affume 
tnelineaments  which  characterize  the  Ipecies. 
Shall  we  therefore  conclude,  that  they  do 
not  exifi  at  firff,  but  are  generated  when  the 
tadpoles  approach  their  metamorphofis  ? Is  it 
not  infinitely  more  philofophical  to  fuppofe, 
that  the  limbs  co-exift  with  the  tadpoles, 
and  are  invifible,  only  becaufe  they  are  too 
finali  to  ffrike  thefenfes  ? And  if  it  is  reafon- 
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able  to  adopt  this  opinion  concerning  the 
limbs,  diali  we  not  alfo  admit  it  with  refpedt 
to  the  fetufes  of  thefe  animals  ? 

CX.  XII.  If  I pafled  over  in  filence  the 
fingular,  and  I think,  new  opinion  of  Mr. 
Gautier,  concerning  the  generation  of  frogs, 
I fliould  deviate  from  the  fincerity  which 
every  philofopher  ought  to  pradtife.  In  a 
publication  entituled,  Obfervattons  fur  I’hif- 
torie  naturelle , fur  la  phyfique , &c.  after 
fpeaking  of  fome  finali  worms,  which  he 
found  in  a veficle  in  the  cavity  of  the 
abdomen  of  the  male,  he  adds,  that  they  are 
the  real  efficient  caufe  of  generation.  I muft 
quote  his  own  expreffions  : La  grenouille 
male  montée  & fortement  attachée  fur  la  fe- 
melle  attend  les  inftans  que  les  oeufs  s’ecou- 
lent  de  la  femelle  : il  jette  alors  fes  embrions 
tels  que  je  les  aiappercus,  ils  s’attachent  aux 
oeufs,  & s’en  nourrifient  pendant  quelques 
jours,  jufqu’  a ce  qu’  ils  foient  èn  etat  de  fe 
nourrir  d’alimens  plus  groffiers.  Ces  em- 
brions confervent  la  merne  figure  qu’ils 
avoient  dans  la  veficule  du  pere,  pendant  l’ef- 
pace  d’  environ  un  mois,  temps  au  quel  ils 
quittent  cettent  figure,  cornine  font  les  vers 
a foyé  dans  le  cocon.  Ils  developpent  leurs 
pattes  pofterieurs  qu’ils  ecartent  enfin  : ce 
lout  ces  pattes  qui  unies  dans  l’embryon,  for- 
ment  la  queue  du  tètard  embryon  de  la  gre- 
nouille. 

As  the  book  was  publifhed  in  1752,  I have 
had  fufficient  time  to  examine  the  difcoverv. 
My  firft  ltep  was  to  feek  for  the  bladder  con- 
taining the  worms  in  the  abdomen  of  the 
male’  It  was  eafily  found,  being  no  other 
than  the  urinary  bladder,  as  may  indeed  be 
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collected  from  the  defcription  of  the  author; 
in  this  I moreover  found  the  worms  ; they 
are  about  the  thicknefs  of  a thread,  of  ayel- 
lowifh  white  colour,  without  rings,  a line 
and  a half  in  length  ; they  are  almoft  perpe- 
tually in  motion,  and  have  one  extremity  at- 
tached to  the  infide  of  the  bladder.  So  far  I 
agree  with  Mr.  Gautier;  but  I cannot, 
with  him»  confider  the  worms  as  the  fetufes 
of  the  frog,  for  the  following  reafons,  which 
I think  decifive.  They  are  likewife  to  be 
found  in  the  bladder  of  the  female,  whereas 
they  ought  to  exift  only  in  the  male,  if  they 
were  what  the  French  naturalift  fuppofes 
them  to  be.  Secondly,  I have  opened  an  im- 
menfe  number  of  frogs  during  the  time  of 
copulation,  but  have  by  no  means  found  thefe 
worms  in  all  of  them.  Thirdly,  They  never 
exceed  twenty  in  number,  whereas  the  fe- 
tufes, from  my  obfervations  and  thofe  of 
Swammerdam,  appear  to  amount  to  about  a 
thoufand  in  every  female.  Fourthly,  After 
fecundation  the  male  ought  not  to  contain 
any,  but  I have  found  that  the  number  is  not 
leffened.  Fifthly,  As  thefe  worms  adhere 
to  the  fuppofed  eggs,  and  feed  upon  them 
for  feveral  days,  I mud:  have  alfo  feen  them, 
efpecially  as  they  are  vifible  to  the  naked  eye. 
I can,  however,  truly  affert,  that  notwith- 
ftanding  all  my  attention  in  examining  the 
eggs,  both  externally  and  internally,  I never 
could  perceive  any  veflige  of  them.  I diali 
deduce  a lixth  argument  from  the  artificial 
fecundation  fpoken  of  in  the  next  differta- 
tion  ; which  confilfs  in  touching  the  fetufes 
extracted  from  the  females  with  the  femen  of 
the  male,  though  that  fluid  fometimes  ap- 
peared 


92 


DISSERTATION  I. 


pearcd  deftitute  of  living  inhabitants,  even 
when  examined  by  the  microfcope.  Thefe 
reafons  oblige  me  to  rejec#  the  pretended  dif- 
covery  of  Mr.  Gautier.  I will  not  pronounce 
it  to  be  a mere  fiction  : I will  rather  fuppofe, 
that  fome  fallacious  appearance  has  milled 
him,  in  conlequence  of  his  inexperience  in 
observing  frogs,  and  his  ignorance  concern- 
ing their  internal  ftruGure,  though  it  is  ex- 
ceedingly obvious.  That  this  is  the  cafe 
every  naturali#  will  perceive,  from  the  paf- 
iage  in  which  Mr.  Gautier  affirms,  that  the 
hind  legs  of  the  tadpole,  by  their  union,  form 
the  tail  of  this  animal. 

Baia  che  avanza  in  ver  quante  novelle 

Quante  mai  differ  favole  o carote 

Stando  al  foco  a filar  le  Vecchierelle. 

Thofe  who  lhall  have  the  curiofity  to  read 
his  book,  will  learn,  that  the  female  frog 
has  no  uterus,  that  the  tongue  is  fixed  to  the 
anterior  margin  of  the  palate,  that  the  kid- 
neys of  the  frogs  are  alfo  the  tefticles,  &c. 
It  is  not,  therefore,  matter  of  furprize,  that 
Roefel  fhould  treat  him  with  ridicule,  and 
conclude,  non  folum  itaque  afierere an deo pa- 
rum  in  anatomia  Ranarum  profeciife  Gautie- 
rium,  fed  addere  etiam  non  am  hi  go,  -iplas 
ranas  eundem  vix  habere  cognitas.  And 
as  the  Parifian  naturali#,  in  the  relation 
of  his  difeovery,  modeftly  obferves,  that  if 
Pythagoras  had.  made  one  equal  to  his,  he 
v/ould  have  facrificed  another  hecatomb  to 
the  Gods.  The  German  obferyer  retorts; 
Ego  vero  crcdiderim,  fi  fieri  poilet  ut  Gau- 
tierius  Pythagoras  quas  invenerit,  enarraret, 
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hunc  ipii  non  filentium  biennii  vel  qiun- 
quennii,  quod  difcipulis  fuis  imponere  folebat, 
jfed  perpetuum  effe  injundurum. 
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examination  of  some  recent  objec- 
tions1 MADE  AGAINST  THE  SYSTEM  OF 
THE  PRE-EXISTENCE  OF  THE  GERM  IN 
THE  FEMALE.  , 

CXII-TP^R.  Pirri,  a celebrated  phyfician 
f jp  and  philofpher  at  Rome,  is  the 
author  of  thefe  objections.  To  a fenfible 
work  on  the  theory  of  putrefaction,  wherein 
he  declares  in  favour  of  the  Count  deBuffon’s 
fyftem  of  generation,  he  has  prefixed  fome 
refledions  concerning  the  reproduction  of 
organic  bodies,  in  which  he  attempts  to 
overturn  the  principal  arguments  of  thofe 
who  adopt  the  hypothefis  of  pre-exiftence  of 
germs.  In  the  firft  place  he  quotes  and  at- 
tacks two  difcoveries,  one  made  by  Haller  on 
the  chicken  (CVIII),  the  other  by  me  on  frogs, 
and  mentioned  in  my  ProfpeCtus.  Let  us 
bellow  a little  attention  on  both,  and  begin 
with  that  which  belongs  to  me.  “ The 
learned  Abbé  Spallanzani,  a name  now  fo 
dear  to  his  country,  fays  he  p.  7,  has  related 
another  fad  not  lels  interefting  than  thofe  al- 
ready mentioned,  nor  in  appearance  lefs  fa- 
vourable to  the  dodrine  of  Palingenefis,  or 
3 the 
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the  pre-exiStence  of  germs  in  the  eggs  of  the 
female,  and  by  which  the  importance  of  the 
function  of  the  male  is  very  much  lfelfened. 
He  watched  the  initant  when  the  eggs  are 
extracted  and  fecundated  by  the  male.  Du- 
ring this  operation  he  killed  the  female,  and 
by  the  aid  of  the  microlcope,  that  instrument 
which  has  fo  often  impofed  both  on  our 
fenfes  and  understanding,  he  found,  that  both 
the  impregnated  and.  the  unimpregnated  eggs, 
which  lay  in  the  uterus,  contained  a tadpole 
bent  in  fuch  a manner,  that  the  tail  was  con- 
tiguous to  the  head.  The  young  animal  was 
distinguished  by  its  black  colour.  In  the 
impregnated  eggs  it  was  alive  and  in  motion, 
but  in  the  others  it  lay  in  a profound  le- 
thargy.” It  was  proper  to  transcribe  the  ex- 
pressions of  Dr.  Pirri,  as  they  by  no  means 
agree  with  my  relation  of  the  difcovery  in 
the  ProfpeCtus.  The  reader  mu  St  allow  me 
to  quote  my  own  words.  After  remarking, 
that  the  impregnated  and  unimpregnated  eggs 
of  the  frog  are  perfectly  alike,  and  that  the 
latterare  not  productive,  I add,  p.  51,  “ but 
this  is  far  from  being  the  cafe  with  the  for- 
mer. They  lofe  their  round  Shape,  and  elon- 
gate without  lenfibly  increafing  in  bulk, 
though  they  afterwards  manifestly  grow. 
The  Surface  of  the  whitifh  hemisphere  turns 
darker,  and  upon  the  black  hemisphere  ap- 
pears a longitudinal  furrow,  terminated  by 
two  proceffes,  which  become  gradually  long- 
er, and  take  the  direction  of  the  long  diame- 
ter of  the  egg.  The  furrow  and  proceffes 
grow,  and  in  time  nearly  bur  ft  out  from  the 
tide  of  the  egg,  which  yet  retains  the  Shape, 
of  an  oblong  globule,  with  a prominence  on 
a one 
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one  fide.  Meanwhile  the  whitilh  hemifphere 
dilates,  and  the  black  one  is  incurvated,  while 
the  prominence  increafes  in  length,  and  it 
now  appears,  though  this  is  ftill  more  dif- 
tindtly  feen  afterwards,  to  be  the  tail  of  the 
tadpole  : the  curvature  on  the  black  hemi- 
fphere is  difcovered  to  be  the  back,  and  the 
dilatation  on  the  opposte  fide  the  belly.  The 
other  extremity  now  takes  on  the  figure  of 
the  head  ; in  the  anterior  part  the  veftige  of 
the  eyes,  which  are  yet  doled,  becomes  con- 
lpicuous  : the  two  procefles,  by  which  the 
animal  adheres  to  bodies,  however  fmooth, 
come  in  fight,  as  well  as  the  rudiment  of  the. 
aperture  of  the  mouth  ; and  laftly  the  gills, 
through  which  the  blood  may  be  feen  to  cir- 
culate. 

The  animal  does  not  yet  fhew  any  figns  of 
life  or  motion,  w'hen  it  is  pricked  with  a 
needle,  or  fuddenly  expofed  to  the  rays  of 
the  fun,  even  when  collected  into  a focus, 
though  it  is  afterwards  fenfible  of  thefe  im- 
prefiions 

Such  are  the  phenomena  which  gradually 
appear  in  fecundated  eggs,  whence  it  is  evi- 
dent, that  thefe  bodies  are  not,  as  it  has  been 
generally  fuppofed,  eggs,  but  the  tadpoles 
themfelves  concentrated  and  folded  up. 

It  is  therefore  clearly  proved,  that  the  tad- 
poles exift  before  fecundation  ; but  this  in- 
terefting  truth  may  be  more  fully  fhewed 
thus  : the  fecundated  eggs  differ  not  in  any 
refpedt  from  thofe  which  have  not  been  fe- 
cundated, but  the  former  are  the  tadpoles 
concentrated  and  folded  up,  the  latter  tnuft 
therefore  be  the  fame;  wherefore  the  fetules 
of  frogs  exUl  before  fecundation,  and  to  be 

evolved. 


96  DISSERTATION  I. 

evolved,  want  only  the  fecundating  fluid  of4 
the  male.” 

Upon  comparing  this  paffage  with  the 
quotation  of  Dr.  Pirri,  it  is  eafy  to  perceive, 
that  at  the  time  of  writing,  he  had  not  the 
Profpedius  before  him.  Firft  he  advances 
what  is  not  true,  when  he  afierts,  that  I made 
ufe  of  the  microfcope,  “ that  injirianent 
which  has  fo  ofte?i  deluded  both  our  fenfes  and 
underjiandingd'  except  in  the  paffage  where  I 
fay,  that  I examined  the  infide  of  the  egg 
with  the  microfcope,  I never  fpeak  of  it, 
having  had  indeed  no  occadon  to  make  ufe  of 
it  ; for  the  eggs  are  fo  large,  as  to  be  capable 
of  being  examined  fufficiently  by  the  naked 
eye.  If  even  I had  been  obliged  to  have  re- 
courfe  to  this  inftrument,  I hope  I fhould  not 
have  incurred  the  danger  which  the  learned 
phyfician  mentions.  The  microfcope  has,  in- 
deed, fometimes  been  the  fource  of  error,  either 
when  it  was  ill  confixu&ed,  or  in  the  hands 
of  unexperienced  perfons.  But  it  has,  never- 
thelefs,  when  theie  inconveniencies  have  not 
been  prefent,  enriched,  and  everyday  enriches 
natural  hiftory  with  the  moft  important  dif- 
coveries.  Whoever,  indeed,  fhall  queftion 
this,  will  rifque  the  imputation  of  being  fup- 
pofed  deficient  in  common  fenfe. 

Secondly  Dr.  Pirri  fays,  that  I found  both 
the  impregnated  and  unimpregnated  eggs  to 
contain  tadpoles.  Thefe  words  fuggeff  an 
idea  very  different  from  that  which  I have 
exprefled.  I do  not  fay,  that  I have  found 
the  tadpole  to  exift  as  well  in  the  latter  as  the 
former  egg,  but  that  both  are  nothing  but  tad- 
poles. The  expreffion  of  Dr.  Pirri  fuppofes 
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the  exigence  of  eggs,  whereas  mine  entirely 
excludes  them. 

Thirdly,  The  tadpole  was,  according  to 
the  objedor,  fo  bent,  that  its  tail  was  con- 
tiguous to  the  head,  and  it  was  diftinguifii- 
able  by  its  dark  colour. 

In  my  Profpedus  I do  not  fay  that  the  colour 
is  entirely  black,  but  that  one  hemifphere  of 
the  tadpole,  while  it  retains  its  round  ftiape 
is  black,  and  the  other  of  a dirty  white. 
With  refped  to  the  pofition  of  the  tail,  the 
author  is  far  lefs  accurate  ; for  I never  dreamed 
of  averting,  that  the  tail  is  bent  towards  the 
head,  but  that  it  appears  like  a prominence 
or  appendicula,  and  increafes  in  length  as  the 
tadpole  grows.  This  is  confined  to  the  im- 
pregnated tadpoles  j for  the  others  have  no 
tail,  though  Dr.  Pirri  would  make  the  reader 
believe,  that  I attribute  this  part  allo  to  them. 

Fourthly,  I found  this  difference,  that  in 
the  impregnated  eggs  the  tadpole  was  alive 
and  in  motion,  whereas  in  the  others,  it  was 
motionlefs,  and  in  a profound  lethargy. 

I filali  finifii  thefe  ftridures  upon  the  ex- 
trad  with  obferving,  that  I never  mentioned 
any  profound  lethargy  in  unimpregpated  tad- 
poles; and  fo  far  was  I from  feeing  any  mo- 
tion in  the  others  at  firft,  that  1 exprefsly 
mention  the  contrary.  Let  the  reader  again 
pèrufe  the  quotation  from  my  Profpec- 
tus,  and  he  will  find  that  thefe  ffridures 
are  juft. 

CXII.  I fiiall  now  examine  the  objedions 
of  Dr.  Pitri.  They  may  be  reduced  to  two, 
of  which  the  following  is  the  firft.  My 
difcovery  of  the  prc-exiftence  of  the  tadpole, 
refts  upon  an  obfervation  on  which  I fully 
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confided,  as  it  has  the  authority  of  Swammer- 
dam ; from  whom  we  learn,  that  in  frogs  fe- 
cundation does  not  take  place  in  the  uterus, 
but  without  the  body,  fince  the  eggs  are 
touched  with  the  femen  of  the  male,  after 
they  are  difeharged.  The  Roman  naturali!!, 
relying  upon  the  remarks  of  Roefel,  fuggefls 
' various  doubts  with  refped!  to  this  obferva- 
tion.  “ How,  fays  he,  can  we  be  certain 
that  the  eggs  of  frogs  are  impregnated  after 
they  are  laid,  when  Roefel  himlelf  confefies- 
the  uncertainty  of  this,  having  feen  an  in- 
stantaneous contadi,  which  may  afford  room 
for  fuppofing,  that  the  femen  was  thrown  in- 
to the  uterus?  (p.  15.)” 

When  I compofed  my  Profpedtus,  I was- 
not  unacquainted  with  the  doubts  of  Roefel, 
but  I was  aware,  that  they  did  not  deferoy 
the  validity  of  the  contrary  obfervation,  fince 
that  is  pofitive.  Roefel  himfelf  was  fenfible 
of  this,,  and  he  does  not,  therefore,  in  fpeak- 
ing  of  this  momentaneous  conjundtion,  ques- 
tion the  fad!  related  by  Swammerdam,  a cir- 
cufrfilanee  which  Dr.  Pirri  ought  to  have 
known.  But  further,  he  does  not  only  not 
question  what  Swammerdam  tells,  but 
ilrongly  confirms  his  obfervation  in  another 
paffage  of  his  work,  where  he  lpeaks  of  the 
generation  of  the  green  frogs.  He  fays  ex- 
p refly-,  that  the  male  bedews  the  eggs  with 
his  femen,  after  they  have  been  difeharged 
by  . the  female.  “ Simulac  autein  femellà 
ova  Tua  per  anum  emit  tit,  mafeukts  eadem 
fuo  confpergit  femme  ; id  quod  ipfe  domi 
me;t  non  folum  vidi,  fed  itcratis  etiam  vifei- 
bus  fieri  non  fine  admiratione  obfervavi  (</), 
(a)  Hid.  Rmar.  r.  56. 

And 
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And  to  render  this  external  fecundation  Fill 
more  evident,  he  reprefents  the  male  mounted 
Upon  the  female  in  their  natural  colours,  the 
eggs  as  they  are  difcharged,  and  the  leminal 
fluid  bedewing  them,  Fig.  2;  PL  13.  It 
might  have  been  expeCted  from  the  inge- 
nuoufnefs  of  my  opponent,  that  he  Ihould 
not  have  fu pp relied  this  important,  obferva- 
tion,  or  rather  that  he  Ihould  nave  fpared  his 
objections.  If  he  entertained  any  doubts 
concerning  the  mode  of  generation  in  thefe 
animals,  I hope  they  will  be  difpelled  by.  the 
four  firft  chapters  of  this  diflertatiom 

CXIII.  In  the  fecond  objection,  I ani  ac- 
cufed  of  a paralogifm  in  the  relation  of  this 
difeovery.  In  lpeaking  of  the  pre-exiflence 
of  the  tadpole,  by  the  word  tadpole  I mean 
the  embryo  of  the  frog,  or  the  frog  in  a very 
finali  fiate,  difgUifed  under  the  appearance  of 
the  tadpole.  This  offends  Dr.-  Pirri,  who 
confiders  the  frog  and  tadpole  as  two  diflinCt 
animals.  He  concludes,  that  u to  make  ufe 
■of  this  faCl  as  an.  u nan fvverabie  argument  a- 
gainft  the  fyflem  of  Epigenefis,  is  a fallacy 
that  has  efcaped  the  penetration  of  the  Abbe 
Spallanzani.  It  confifts  in  confounding  the 
appearance  of  the  tadpole  with  that  which 
belongs  to  the  frog  ; and  falfely  luppofmg, 
hat  the  tadpole  and  frog  are  one  and  the 
ame  animal/’ 

I was  indeed  app  rehen  five,-  on  account  ©f 
ny  confined  talents,  that  my  book  o>n  animal 
•eproduCtions  would  contain  miflakes,  but 
lot  that  to  which  my  learned  adverfary  ob- 
reCts.  My  confidence  was  grounded  upon 
wammerdam,  Vallilheri,  R-oefel,  and  many 
ther  excellent  writers,  who  all  agree  in  con- 
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fidering  the  tadpole,  and  frog  as  the  fame  ani- 
mal. We  know  that  many  infedts  pals 
through  the  three  different  ftatès.of  worm, 
nymph,  and  winged  animal:  and  tHòfe  who 
are  at  all  acquainted  with  natural  hiflory 
know,  that  thefé  different  ftates  do  not  con- 
ftitute  three  dillindt  animals,  but  that  the 
fame  animal  alTuméà  thefe  various  appear- 
ances; fo  that  the  infedi:  equipped  with  wings, 
exifled  under  the  membranes  of  the  worm 
and  nymph,  from  which,  when  it  is  freed, 
it  iffues  forth  in  a fiate  of  complete  evolu- 
tion. Swammerdam  obferves,  that  what  the 
nymph  is  to  the  winged  in  fedi,  the  tadpole  is 
to  the  frog.  For  he  found  the  frog  in  mi- 
niature under  the  difguife  of  the 'tadpole,  and 
the  winged  infedt  under  the  cover  of  the 
nymph.  Both  continue  in  this  Hate  only 
till  they  are  arrived  ara  proper  period  or  fiate 
of  maturity,  \vheir  they' throw  off  their  old 
habiliments,  and  albume  their  proper  form. 
From  thefe  obfervationsl  had  reaion  to  con- 
clude, that  the  tadpede  and  frog  are  identical; 
and  this  might  have  fufhced  as  a reply  to  the 
objections  of  Dr.  Pirri  : my'  fnppbfition  was 
moreover  founded  on  certain  npfhrvations, 
his  was  gratuitous.  'My1’ efteèih,-  however, 
for  this'  phyfician;  ‘ who  is:  advantageoufly 
known  by  leverai  other  publications,  and  my 
delire 'to  afeertain  a radi  eff  fó  great  im- 
portance, induced  me  to  undertake  a more 
particular  and  exact  enquiry  into  f he  identity 
of  the  tadpole  -311.4^0^ " than  thitttjf  Swam- 
merdam. To  pròve  thh  completely,  it  is 
neceifary  fo  fhew,  ' that  the  internal  1 ir  vulture 
and.  organization' erf  the  part's  'of  the  tadpole 
continues  tire  lame  in  the  frog.  • If  we ‘find 
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in  each  the  fame  fydem ..  of.  arteries.,  veins, 
nerves,  and  .mufcles,  . if  ..the  heart,  liver, 
lungs,  and  other  vifcera  bedmaltered,  if  there 
be  no  difference  in  the  .organs  of  ienfe.and 
the  difpolition  of  the  hones,  there  can  re- 
main no  doubt  concerning  the  identity  of.  the 
animals.  ' 

GXIV.  Soon  after  Dr.  Pirri’s  book  came 
to  my  hands,  in  the  ipring  of  1777,  a feafon 
very  convenient  for  the  purpofe,  i began  this 
enquiry  upon  the  green  aquatic  frog,  of  which 
I treat  in  the  fi rd  chapter.  To  be.  as  brief 
as  pofilblé,  I will  only  mention  the  bare  re- 
fult,  beginning  as  foon  as  the  internal  fir  Lec- 
ture of  the  tadpole  can  be  examined,  and  end- 
ing at  the  time  when  it  takes  on  the  appear- 
ance of  the  frog.  On  the  twenty- fixth  day  the 
inteflines  are  diflinguifliable,  though  the  in- 
teguments of  the  abdomen,  rolled  up  in  a 
fpiral,  and  in  the  region  of  the  thorax,  the 
puliation  of  the  heart  is  perceptible.  Upon 
opening  thefe  cavities,  we  find  the  mefentery 
refembling  in  thinneis  and  tendernefs.  a 
fipider’s  web  ; along  it  finali  red  freaks 
wind,  which,  when  viewed  with  the  micro!'- 
cope,  appear  to  be  arteries  and  veins.  The 
kidneys,  lungs,  and  liver  are  then  very  con- 
fpicuous , to  the  lad  vifeus  is  appended  the 
gall-bladder,  full  of  a transparent  liquor 
without  any  bitternefis,  The  heart  is  conical, 
and  conlifls  of  an  auricle  and  ventricle;  a 
little,  nearer  the  head  lies  the  bulb  of  the 
aorta,  which  is  divided  into  two  branches 
that  are  implanted  in  the  mufcles  of  the 
bread.  The  defending  aorta  is  affo  vifible, 
and  the  vena  cava,  together  with  the  begin- 
ning of  their  ramifications.  The  dorfid  and 
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lumber  vertebrae,  as  well  as  the  cranium, 
have  nothing  of  the  confidence  of  bone,  and 
the  brain  is  gelatinous,  as  are  alfo  the  nerves  • 
thofe  arifing  from  dorfal  vertebrae  are  very 
diftinguifhable.  The  noftrils  are  open,  and 
the  iris  is  of  a golden  yellow  colour,  If  we 
take  the  eye  out  of  the  orbit  and  open  it,  we 
diali  find  the  aqueous  and  vitreous  humours, 
and  the  chfyftalline  lens,  which  has  fome 
confidence  and  is  very  tranfparent.  The  gills, 
which  in  more  advanced  tadpoles,  appear  on 
the  outdde  of  the  body,  are  as  yet  lying  un- 
der the  integuments  of  the  thorax. 

On  the  thirty-fifth  day  the  vifcera  are  the 
fame,  but  larger  and  more  firm.  The  liquor 
of  the  gall-bladder  js  dill  tranfparent,  but 
fomewhat  bitter.  The  arteries  and  veins  are 
of  a deeper  red,  and  by  confequence  more 
confpicuous.  The  cranium  and  vertebral 
begin  to  turn  cartilaginous,  and  the  brain, 
fpinal  marrow,  and  nerves  are  not  fo  ge- 
latinous. 

On  the  forty-fixth  day,  thefe  feveral  parts 
are  further  unfolded  and  firmer.  The  bile  is 
bitterer,  and  the  rudiments  of  the  hind  legs 
begin  to  appear.  Some\Vhat  too  of  the  fore- 
legs may  be  difcerned,  but  they  are  as  yet 
buried  under  the  integuments  of  the  thorax. 

The  fore  legs  do  not  appear  till  fifteen  or 
twenty  days  afterwards  ; for  the  time  varies 
in  tadpoles  that  are  brought  forth  at  once. 
In  other  refpedts  the  drucdure  continues  the 
fame. 

Nor  does  it  efientially  vary  during  the  fub- 
fequent  days,  when  the  legs  being  unfolded, 
and  the  tail  growing  Ihorter,  and  being  at 
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length  obliterated,  the  tadpole  puts  on  the 
form  of  the  frog.  • _ 

Thi.s  happens  about  the  eightieth  day, 
when  the  old  integuments  come  away.  And 
now  the  animal  becomes  a true  frog*  differ- 
ing from  the  adult  only  in  fize.  It  does  not, 
however,  differ  from  the  tadpole,  but  has 
the  fame  organs  and  vifcera,  the  fame  lyftern 
of  arteries  and  veins  and  nerves,  the  fame 
conformation  of  bones,  with  num'berlefs 
other,  parts  which  I {hall  not  deferite,  left 
the  reader  fhould  find  me  tedious,  '1  heft 
new  obfervations  confirm  the  identity  be- 
tween the  tadpole  and  frog  ; they  demon - 
ffrate  that  Dr,  Pirri,  in  combating  this  fup- 
polition,  has  contended  againft  truth.  If 
any  remaining  affedion  for  this  harmlefs  mif- 
-fake  fhould  fuggeft  to  him,  that  the  gills 
and  tail  of  the  tadpole  are  not  to  be  found  in 
the  frog,  and  that  the  frog  has  four  legs, 
while  the  tadpole  has  at  firff  none,  let  him 
recoiled:,  that  the  chicken,  at  its  firff  ap- 
pearance within  the  egg,  has  the  ih  ape  of  a 
worm  with  a large  head  and  long  tail  5 that 
the  heart  has  afterwards  the  form  of  a half 
ring  j that  incubation  continues  feme  time  be- 
fore the  legs  and  wings  ihoot,  and  that  it  lofts 
the  umbilical  cord  when  it  breaks  the  egg  (a) , 
And  yet,  notwithftanding  all  thele  appear- 
ances of  naetamorphoiis,  no  one,  I believe, 
has  ever  imagined  the  pullet  in  the  egg,  and 
the  hen  to  be  different  animals.  And  lb 
much  concerning  Dr.  Pirn's  objedftns  to 
wh^t  I have  advanced. 

(«)  Haller.  Form,  du  Poulet, 

u 4 cxv. 


DISSERTATION  I. 


104. 

CX^hr  Let  Us  proceed  to  that  which  he 
has  brought  againft  the  difcovery  of  Haller. 
Defirous  of  knowing-  the  fentiments  of  this 
great  phyfiologift,  between  whom  and  my- 
lelf  there  had  iub  lifted  a friendfhip  of  long 
continuance,  I lbnt  him  Dr.  PiniV  book, 
but  it  came  to  his  hands  at  a time  when  he 
was  opprefted  with  ''thofe  maladies  which 
were  foon  to  deftroy  him.  Inftead,  there- 
fore, of  writing  his’ fentiments  at  length,  he 
replied  in  thefe  laconic  terms,  Berne  Nov.  5, 
1777,  Je  vous  abandonne  ce  M.  Pirri  3 il 
eft  en  bonnes  mains,  vous  fcaurez  affez  de- 
fendre  la  bonne  caule  de  la  Nature.  II  eft 
toujours  temeraire  d’attaquer  des  experiences 
par  des  raifonnemens."  Thus  he  impofed 
upon- me  the  talk  of  anfwering  Dr.  Pirri, 
and  Ì would  certainly  have  undertaken  it,  if 
upon  more  maturely  weighing  the  objection, 
and  comparing  it  with  Haller’s  difcovery,  I 
had  not  perceived,  that  I might  fifely  defer 
it  at  leaft,  if  not  entirely  decline.it,  without 
offending  the  objedtcr  himfelf.  I would, 
therefore,  beg  the  ingenious  naturalift  to 
read  the  relation  of  the  difcovery  Over  again 
with  greater  attention;  for  from  his  extract 
and  reply,  he  appears  to  have  overlooked 
more  than  one  eftential  circumftance.  This 
will  become  evident,  if  we  compare  the  ex-. 
preffions  of  the  original  with  thofe  of  the 
extraót,:  m:  o 

“ The  yolk  of  the  egg,  concludes  Haller, 
from  his  obfcrvations  on  the  chicken,  is  a 
continuation  of  the  inteftin'es  of  the  chicken  j 
the  internal  coat  of  the  yolk  is  continued  with 
the  internal  coat  of  the  final  1 inteftines  and  of 
the  ftoinach,  and  pharynx,  and  with  fhetkin  and 
cuticle.  The  external  coat  is  the  external  coat  of 
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the  inteftine  j it  is  conti  nued  with  the  mefentery 
and  peritonsum.  The  cover  which  inclofes 
the  volk,  towards  the  end  of  incubation,  is 
the  fkin  itielf  of  the  fetus.”  He  then  rea- 
fons  thus,  “ if  the  yolk  is  continued  with 
the  fkin  and  inteftines  of  the  fetus,  it  mult 
have  co-exifted  with  the  fetus,  and  is  really 
a part  of  it.  But  the  yolk  exifted  in  the  fe- 
male, independently  of  any  commerce  with 
the  male  ; therefore  the  fetus  itfelf  alfo  pre- 
exifted.” 

The  fame  great  writer  exprefies  himfelf 
with  hill  greater  precifion  in  his  phyfiology. 
B.  XXIX.  Sedi  2.  Denique  dircela  demon- 
ftratio  adeft,  qua  oftendes,  certe  in  avibus, 
pulitini  in  matre  fuiffe.  Pulii  enim  interi- 
nimi continuatur  cum  vitelli  involucro  & 
adeo  inteftini  interior  membrana  cum  epi- 
dermide animalis,  exterior  cum  cute;  denL 
que  cum  involucro  vitelli  eadem  eft. 

Dr.  Pirri  ufes  the  following  terms,  “ Hal- 
ler having  fhewn  that  the  membrane  of  the 
yolk,  which  pre-exifts  in  the  impregnated 
egg,  is  transformed  by  incubation  into  the 
imall  inteftines  of  the  chicken,  concludes 
that  the  chicken  pre-exifts  in  the  unimpreg- 
nated eggs.”  • 

Let  the  Roman  phyfician  determine  con- 
cerning the  fidelity  of  his  own  copy.  To 
this  he  adds  another  fadt  taken  allo  from  Hal- 
ler, and  endeavours  to  confute  him.  But 
the  author  did  not  confider  the  latter  as  of 
equal  weight  with  the  former,  which,  there- 
fore, ought  to  have  been  faithfully  quoted. 

, I arn  aware,  that  thefe  ftridtures  cannot  he 
pleafing  to  Dr.  Pirri,  more  cfpecially  thole 
which  fhew  his  inaccuracy  in  relating  the 
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difcoveries  of  others.  I would,  therefore, 
willingly  have  omitted  them,  as  well  on  ac- 
count of  the  real  elteem  I entertain  for  his 
merit,  as  fome  degree  of  friendfhip  I have 
contracted  with  inm  fince  the  publication  of 
his  book  ; in  confequence  of  which,  I have 
been  ftudioufly  mild  in  my  exprefiions,  and 
have  oppofed  things  and  not  words  to  him. 
But,  when  I was  treating  this  fubjeCt,  to 
omit  them  entirely  was  impoffible.'  I will 
morever  obferve,  that  I do  not  confider  thefe 
inaccuracies  as  intentional,  but  as  proceed- 
ing from  want  of  reflection,  or  rather  of  lei- 
fure  ; for  he  confefles,  that  he  compofed  his 
confi  derations  on  the  reproduction  of  organized 
bodies  in  a few  days.  I cannot,  therefore, 
but  urge  him  afrefh  to  examine  thefe  two 
faCts,  which  prove,  that  the  fetus  belongs 
entirely  to  the  female,  at  greater  leifure,  and 
with  deeper  attention  ; I with  that  to  thefe  he 
would  add  the  further  proofs  I have  adduced 
in  this  and  the  following  diflertation.  That 
he  may  be  a good  judge  of  thefe  faCts,  lie 
mu  ft  moreover  allow  me  to  fay,  that  he 
ought  to  be  in  peffieffion  of  the  difficult  art 
of  making  obfervations  and  experiments  with 
fkill.  ' -He  may  then  repeat  thofe  which  I 
have  made,  and  will  be  enabled  to  give  his 
opinion  concerning  them  with  greater  free- 
dom and  fafety, 

CXVI.  The  author  likewife  disapproves  of 
Mr.  Bonnet’s  doCtrine  concerning  the  invo- 
lution of  germs,  though  he  does  not  direCtly 
attack  it,  but  declares  that  he  does  not  fub- 
(cribe  to  it;  at  which  I do  not  wonder,  be- 
caule  the  opinion  of  every  one  is  free,  and 
Dr.  Pirn  manifefls  too  great  a partiality  for 
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the  Epigenelis  of  the  illuftrious  Buffon.  I 
was,  however,  not  a little  furprized,  when  I 
came  to  read  in  page  32,  a palfage  of  the 
Genevefe  philcfopher  ; whence  it  would  ap- 
pear, that  he  is  fin  oppofer  of  the  fyftem  of 
involution.  My  furprize  was  increafed,  when 
Ì learned  that  the  evolution  of  bodies  is,  by 
the  confeffion  of  Mr.  Bonnet  himfelf,  de- 
duced from  equivocal  fatìts,  and  from  pre- 
mifes  that  by  no  means  lead  diredtly  to  any 
fuch  concluffon.  I was  mitigated,  by  the 
defire  of  knowing  how  my  illuftrious  friend 
would  reconcile  thefe  contradictions,  tp  write 
to  him  at  Geneva,  making  him  at  the  fame 
time  acquainted  with  Dr.  Pirri’s  fentiments 
concerning  my  difcovery,  and  the  organic 
molecules  of  Buffon.  I did  not  long  wait 
for  an  anfwer  ; which,  as  the  author  defircd 
me  to  publifh  it,  I will  tranfcribe  in  this 
place, 


Genthod  near  Geneva, 

Nov.  29,  1777. 

“ CXVII.  I was  not  acquainted  with  Dr. 
Pirri’s  book.  The  Ihort  account  you  give 
me  ot  it  furprizes  me  exceedingly.  Is  it 
poffible  that  the  eighteenth  century  could 
have  produced  a writer  capable  of  afferting, 
that  the  tadpole  and  fro^  are  two  effentialTy 
different  animals?  Can  this  writer  ever  have 
read  Swammerdam  ? And  yet  how  can  he 
treat  of  frogs  without  reading,  or  at  lead 
occafionally  confulting  him  ? V/as  not  your 
illuftrious  countryman  Vallifneri,  whom  he 
rnult  dqubtlefs  haye  feen,  lufficient  to  drew 

him 
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him  the  falfehood  of  his  opinioni5  To  me, 
this  ftrange  affection  of  Dr.  Pirri  appears  al- 
together incomprehenftble.  It  is  probable, 
that  fome  fee  ret  intereft  has  led  him  into  this 
miftake.  An  opinion  fo  Angular,;  does  not 
deferve  to  be  very  anxioufly  confuted f Every 
natural  ill  will  excufe  you  from  taking  much 
pains  for  that  purpofe.  Y[h 

“ You  inform  me  that  Dr.  Pirri  declares, 
that  my  reflections  on  organized  bodies  have 
not  perfuaded  him  of  the  pre-exiftence  of 
germs.  I am  not  furprized  that  a natural  iff, 
who  believes,  the  tadpole  and  frog  to  be  two 
diftinCt  animals,  fhould  not  be  fatisfled  with 
my  proofs.  I fhould  be  much  aftonifhed  if 

he  were.  /ailboon  w àìi:  gjj  lb 

Your  parti zan  of  Epigenefis  will  furprize 
. thole  who  have  not  fufhciently  reflected  on 
the  influence  of  opinion.  He  owns  on  the 
one  hand  that  you  have  fully  proved  the  orga- 
nic molecules  of  Buffon  to  be  true  animal- 
cules, yet  on  the  other  he  maintains  that  fuch 
molecules  exit!,  though  they  are  invilible. 
If  they  are  not  perceptible,  how  does  he  know 
that  they  exift  -,  you  tell  me  that  he.  deduces 
this  conclufion  from  conlequences.  , I ought 
to  be  made  acquainted  with  théfe  confe- 
quences  if  I am  to  judge  of  their  force.  But 
the  reafoning  of  this  author  does  not  incline 
me  to  think  favourably  of  his  fkill  in  logic. 

A miftake  in  realbning  may  indeed  eafily  be 
forgiven,  but  want  of  accuracy  and  fidelity 
ip  emoting  authors.,,  is  not  readily  tcy  be  ex- 
cufed.  Pie  attacks  the  inyolution  of  bodies, 
by  mutilating  a paflage.of  fny  Corps  organifes  ; 
be  might  doubt  of  his . .caule  from  this  alone, 
if  he  could  form  a. propet  judgment  of  his 

own 
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own  conduit.  I well  know  the  arguments, 
fiaysi^,fiftBualiy  adduced  in  proof  cf  the  pol- 
fible  tenuity  of  matter  ; nor  am  I unacquaint- 
ed with  the  geometrical  demonftraticn  of  its 
infinite  divifibility.  But  I alfo  know  that 
thefe  are  mere  illufions,  to  furprize  the 
imagination,  and  cloud  the  reafon,  as  Mr.  Bon- 
net has  ingenuoufly  confefted,  Art.  CXXVII. 
of  his  Corps  organifes,  ' where  he  thus  , ex - 
prefTes  himfelf  concerning  involution.  The 
infinite  divifibility  of  matter  by  which  in- 
volution, or  the  hypothecs,  which  fuppofes 
one  germ  to  be  contained  within  another  is 
lupported,  is  a mathematical  truth  and  phyfi- 
cal  falfehood.  Every  body  is  rieceftarily  finite  ; 
all  its  parts  are  of  neceffity  fixed  and  deter- 
mined”— Who  would  not  conclude  from  this 
extraft,  that  I was  combating  the  dottrine  of 
involution  ? Yet  this  is  the  very  pafiage  in 
which  I endeavour  to  prove  its  poflibility. 

Dr.  Pirri,  in  order  to  perfuade  his  readers 
that  I concur  with  him  in  opinion,  dexte- 
roufly  feparates  four  lines  from  the  paragraph, 
fuppreffes  all  the  reft,  and  then  praifes  my 
ingenu'oufnefs  : I am  forry  I cannot  return 
the  compliment,  but  the  truth  is,  that  he 
makes  me  affert  juft  the  contrary  of  what  I 
was  endeavouring  to  prove  : My  words  are, 
“ the  hypothecs'  of  involution  is  not  without 
probability,  but  it  is  not  neceftary  to  fuppoie 
an  endlefs  involution,  which  would1  bean  ab- 
furdity  ; the  infinite  divifibility  of  matter, 
which  might  furniih  ground  for  maintain- 
ing fuch  an  opinioO,  is  a mathematical  truth, 
and  a phyfical  falfehood;  every -body  is  ne~- 
•ccftarily  finite,  all  its  parts  are  fixed  and  de- 
termined.” I then  .proceed  thus,  “ we  are 
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utterly  igtiofant  of  the  fartheft  divifion  of 
which  matter  is  capable  ; and  this  ought  to 
prevent  us  from  confidering  the  involution  of 
germs  as  impòffible.  We  need  only  open  our 
eyes  and  look  round  us,  in  order  to  learn  that 
matter  has  been  prodigioudy  divided.  The 
fcale  of  corporeal  beings  is  the  fcale  of  this 
divifion.  How  many  times  is  mould  con- 
tained in  the  cedar,  the  mite  in  the  elephant, 
the  aquatic  flea  in  the. whale,  a grain  of  fand 
in  the  terraqueous  globe,  and  a globule  of 
light  in  the  fun  i An  ounce  of  gold  can  be 
drawn  by  human  art  into  a wire,  eighty  or 
one  hundred  leagues  in  length.  The  micro- 
fcope  fhews  its  animals,  of  which  feveral  thou-- 
fands  do  not  equal  the  fmalled  grain  of  duflr. 
An  hundred  fuch  obfervations  might  be  men- 
tioned, and  diali  we,  without  hesitation, 
pronounce  the  theory  of  involution  to  be  ab-- 
furd  ? 

In  the  CCCXLIInd  paragraph  I treat  pro-- 
fefledly  on  involution,  and  transcribe  a long 
paflage  from  Bourguet,  in  order  to  dedroy 
the  force  of  thofe  calculations  by  which  the 
celebrated  Hartfoeker  afledted  to  overwhelm 
the  imagination.  How  then  could  Dr.  Pirri 
fail  to  perceive,  that  fo  palpable  a deviation 
from  good  faith  -would  diferedit  his  book  ? 

I am  yet  more  aftonidied  at  another  paf- 
fage,  in  which  this  author  has  the  aflu  ranee? 
to  affert>that“  according  to  Mr.  Bonnet’s  own. 
confeffion,  involution  of  bodies  is  a fyftem 
founded  on  equivocal  fadts,  and  on  oblerva- 
tions  that  do  not  diredly  lead  to  any  fuch 
cohcldflonX  An  aflertion  fo  pointed,  and  at 
the  fame  timefo  falfe,  can  impofe  on  tfofe  only 
who  have  never  read  me  ; for  who  among 
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my  readers  does  not  know  that  I have  ever 
regarded  the  evolution  of  organized  bodies, 
as  eftablifned  upon  the  mod:  unequivocal  fadts, 
and  the  mod  conclufive  obfervations  ? All 
my  works  are  full  of  the  dottrine  of  the  evo- 
lution of  organized  bodies  ; no  author  has  faid 
more  concerning  it,  or  endeavoured  to  con- 
firm itbydronger  proofs.  It  feems  morally  im- 
pofiible,  that  Dr.  Pirri  could  have  continued 
in  his  midake  a fingle  moment  in  a matter  fo 
evident  ; and  therefore  fince  he  puts  into  my 
mouth  a propofition,  which  he  knows  to  be 
repugnant  to  my  way  of  thinking  on  this  fuh- 
jedt,  I may  fafely  conclude,  that  his  book 
was  not  didlated  by  the  pure  and  difpaffionate 
love  of  truth.  But  I have  bedowed  too  much 
attention  on  an  author  fo  regardlefs  of  public 
edeem,  as  to  expofe  himfelf  voluntarily  to  the 
heavy  charges  of  fuppreffion  and  bad  faith.  I 
think  you  fhould  but  jud  mention  his  work, 
for  if  you  confute  him  at  length,  you  will 
confer  upon  him  a degree  of  celebrity,  to 
which  he  Is  by  no  means  intitled.” 

End  of  Dissertation  I. 
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ARTIFICIAL  FECUNDATION  OF 
CERTAIN  ANIMALS. 


CHAP.  I. 

■ARTIFCIAL  fecundation  of  the  ter- 
restrial TOAD  WITH  RED  EYES  AND 
DORSAL  TUBERCLES.  . 

CXVIII.  npHE  firfl  attempt  to  effe 61  ar- 
X tificial  fecundation  was  made 
by  my  immortal  countryman,  Malpighi  ; 
having  taken  the  eggs  out  of  the  ovaria  of  the 
butterfly  produced  from  the  filk-worm,  he 
moiftened  them  with  the  feminal  liquor  of 
the  male.  The  event  did  not  indeed  corre- 
fpond  to  the  wifhes  of  the  curious -naturali lì; 
for  the  eggs  proved  barren.  The  learned 
Bibiena,  formerly  profeffor  at  Bologna,  was 
in  like  manner  difappointed  when  he  repeated 
and  varied  the  experiments  of  his  il  Udiri  ous 
fellow-citizen  [a).  Such  a project,  however, 
though  it  fail  in  butterflies,  does  not  feem 
unlikely  to  fucceed  in  thofe  animals  in  which 
fecundation  takes  place  without  the  body  of 
the  female,  as  in  frogs  and  toads.  Hence 

(a)  A£t.  Acad.  Ron.  T.  5.  Part.  I. 

my 
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my  celebrated  friend  Mr.  Bonnet,  fince  I 
communicated  to  him  in  1767,  my  difcovery 
of  the  pre-exiftence  of  the  germ  in  the  frogs, 
has  never  ceafed  urging  me  to  attempt  the 
artificial  fecundation  of  this  animal.  And  as 
I conceived  .that  if  this  experiment  fhould 
fucceed,  it  would  throw  new  light  upon  the 
natural  hiftory  of  animals,  and  more  efpecial- 
ly  upon  generation,  I refolved  to  undertake 
it.  When  I publifhed  my  Profpedtus  in  1768, 
I gave  an  intimation  of  my  defign.  Other 
occupations,  however,  prevented  me  from 
carrying  it  into  execution  till  the  fpring  of 
1777,  and  the  prefent  year  ( 1780)  in  the  courfe 
of  which  I enjoyed  more  leifure.  The  ani- 
mals mentioned  in  the  five  firft  chapters  of 
the  preceding  di Ifertation,  were  the  fubjeds  of 
my  experiments. 

CX1X.  I began  with  the  terreftrial  toad 
with  red  eyes  and  dorfal  tubercles,  which 
begins  earlieft  in  the  fpring  to  propagate  its 
lpecies.  I have  already  obferved,  that  the 
female,  with  the  male  on  her  back,  difcharges 
flowly  at  the  anus  two  fhining  vifcid  cords, 
full  of  black  globules.  Thefe  globules  are 
minute  tadpoles,  which  the  male  fecundates 
at  the  time  of  expulfion,  by  befprinkling 
them  with  femen  (XLV,  XLIX,  L,  LI, 
LVII).  As  therefore  the  tadpoles  are  at  this 
period  befl  difpoled  for  fecundation,  I tried 
to  effed  it  in  the  following  manner.  Juft 
before  parturition,  of  which  I was  apprized 
by  the  excefiive  fwelling  of  the  belly,  I parted 
the  male  from  the  female,  and  fet  the  latter 
by  berlelf,  in  a velfel  full  of  water.  In  a 
few  hours  the  cords  began  to  appear  ; as  loon 
as  about  the  length  of  a foot  was  excluded, 
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I cut  them  off,  and  left  one  in  the  veffel, 
while  I took  out.  the  other,  in  order  to  wet 
it  with  femen,  which  I procured  from  the 
male  that  had  been  juft  ieparated  from  the 
female.  It  is  eafy  for  any  one  who  has  the 
flighted:  fkill  in  comparative  anatomy,  to  find 
the  feminal  vehicles.  In  this  animal,  they 
lie  below  the  tefticles,  and  cover  part  of  the 
kidneys.  At  the  time  of  coupling,  they  are 
always  full:  I laid  open  the  vehicles,  and  re- 

ceiving the  liquor  which,  had  the  tranfpa- 
rency  of  water,  into  a watch-glafs,  I fpread 
it  on  the  piece  of  cord  with  a pencil  ; but  the 
quantity  was  only  fufficient  to  go  over  two- 
thirds  ; after  the  operation,  I placed  this  piece 
in  a vefiel  of  the  fame  water  as  that  in  which 
the  unimpregnated  portion  lay.  This  experi- 
ment was  made  on  the  ióth  of  March;  as 
the  weather  was  rather  cold,  and  confequent- 
ly  unfavourable  for  the  evolution  of  the  tad- 
poles, I was  forced  to  wait  the  longer  in  fuf- 
penfe  for  the  event,  about  which  I was  not 
a little  anxious.  I examined  the  cords  with 
the  clofeft  attention  feveral  times  a day,  with- 
out perceiving  the  fmalleft  difference  for  the 
nrft  five  days.  In  both  the  mucus  was 
equally  enlarged,  as  well  as  the  tadpoles  : 
and  they  retained  their  globular  fhape.  It 
Was  not  till  the  fixth  day  that  I began  to 
conceive  hopes,  that  the  application  of  the 
feminal  liquor  had  not  been  effettuai.  Many 
of  the  tadpoles  comprehended  in  the  two- 
thirds  of  the  cord,  over  which  the  pencil  had 
pafl'ed,  began  to  affume  an  elongated  figure, 
while  the  others  preferved  their  round  form, 
as  did  alfo  thofe  of  the  piece  of  cord  left  in 
the  other  velfel.  The  feventh  day-  was  ftill 

' more 
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more  favourable  to  my  hopes  ; for  together 
with  amanifeft  elongation,  an  increafe  in  bulk 
became  vilible  ; thefe  appearances  grew  more 
evident  every  day,  inlomuch  that  there  no 
longer  remained  any  doubt  of  a confiderable 
evolution  of  the  tadpoles.  On  the  eleventh 
day,  I perceived  them  moving  within  the 
amnion,  and  on  the  thirteenth  they  quitted 
the  membranes,  and  fwam  about  the  water. 
On  the  other  hand,  the  unimpregnated  tad- 
poles began  to  corrupt,  and  in  time  they  were 
quite  difcompofed,  and  turned  putrid.  Thus 
I called  into  life  a number  of  animals,  by 
imitating  the  means  employed  by  nature. 
The  reader  will  conceive  the  fatisfadtion  I 
received  from  the  fuccefs  of  an  experiment 
fo  precarious  and  uncertain.  He  will  ealily 
imagine,  that  I was  not  difpofed  to  flop  at 
my  firft  difcovery,  but  that  I determined  to 
repeat  and  vary  my  trials,  in  order  to  deduce 
fuch  confequences  as  might  illuftrate  the 
fubjedt. 

CXX.  All  the  tadpoles  in  the  portion  of 
cord  that  was  wetted  with  femen,  were  not 
evolved.  They  were  in  all  a hundred  and 
feventy-  fix,  of  which  fixty-three  fpoiled. 
This  probably  arofe  from  their  not  having 
been  touched  by  the  fecundating  fluid.  I 
propofed  to  repeat  the  experiment  upon  ano- 
ther piece  of  cord,  which  a female  juft  fepa- 
rated  from  the  male,  was  about  to  difcharge. 
As  this  piece  was  only  five  inches  long,  I 
could  bathe  it  completely  with  the  feed  of 
two  males.  I may  here  remark,  that  if  we 
wifh  to  find  the  veficles  full,  we  muft  open 
them  at  the  time  of  copulation.  The  largeft 
quantity  of  feminal  liquor  afforded  by  a fin- 
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gle  male,  is  generally  two  grains,  though  it 
fometimes  amounts  to  almoft  three.  When 
the  males  are  not  mounted  upon  the  females, 
there  is  either  no  fluid  at  all  in  thefe  refer- 
voirs,  or  only  a very  inconfiderable  quantity  : 
they  are  indeed  fo  much  fhrunk,  that  there 
is  fonie  difficulty  in  finding  them.  But  to 
return  to  my  fubjeét  • I found  that  a 
greater  quantity  of  femen  caufed  more  tad- 
poles to  be  evolved.  The  feafon  being  now 
a little  further  advanced  than  at  the  time  of 
my  firff  experiment  (CXVIII),  the  tadpoles 
began  on  the  fifth  day  to  take  on  an  elon- 
gated fiiape,  on  the  tenth  they  fliewed  mani- 
fefl  tokens  of  animation,  and  on  the  eleventh 
were  fwimming  about  the  water.  They  were 
in  all  an  hundred  and  feven,  out  of  which  num- 
ber eight  only  failed  -,  whether  it  was  becaufe 
they  had  not  been  impregnated,  or  more  pro- 
bably becaufe  they  were  vitiated.  In  the  na- 
tural procefs,  among  a great  number  of  tad- 
poles, a few  always  fpoil. 

CXXI.  In  thefe  two  fuccefsful  experiments 
(CXIX,  CXX),  the  cords  had  been  difcharg- 
ed  by  the  female  into  water.  Natural  fecun- 
dation always  takes  place  in  this  element.  But 
I had  learned  from  obfervation,  that  it  fuc- 
ceeds  juft  as  well  when  the  animals  are  re- 
moved to  a dry  place.  It  was  thus,  that  I 
was  fortunate  enough  to  difcover  the  natural 
mode  of  impregnation  (XLVII,  XLVIII, 
XLIX).  I therefore  fuppofed,  that  artificial 
fecundation  would  fucceed  in  the  fame  cir- 
cumftances;  a long  portion  of  cord  difcharg- 
ed  in  a dry  vefiel  was  moiftened  with  feminal 
fluid,  and  then  put  into  water,  along  with 
another  piece  brought  forth  by  the  fame  fe- 
male. 
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male,  but  not  impregnated.  In  twelve  days 
the  tadpoles  of  the  latter  were  half  putrid, 
while  thofe  of  the  former  were  evolved,  and 
fwimming  about  the  water.  While  employ- 
ed about  thefe  experiments,  I was  careful  to 
obl'erve  whether  artificial  fecundation  is  flow- 
er in  its  effects  than  natural.  Having  two 
toads  coupled,  I waited  till  the  female  had 
difcharged  part  of  the  cords,  and  the  male 
had  befprinkled  it  with  femen.  I then  re- 
moved the  male,  and  cutting  off  the  cords, 
dole  to  the  anus,  left  them  in  the  water.  As 
loon  as  the  female  had  difcharged  another 
portion  of  cord,  (which  happened  in  a quar- 
ter of  an  hour)  I cut  it  off,  and  impregnated 
it  with  what  remained  of  feed  in  the  veficles 
of  the  male  ; and  this  piece  was  put  into  the 
lame  veffel  with  that  which  had  been  natural- 
ly fecundated,  that  it  might  be  feen  which 
would  fooneft  produce  complete  tadpoles. 
But  evolution  and  animation  kept  an  equal 
pace  in  both,  an  obfervation  which  I after- 
wards law  confirmed  both  in  toads  and  frogs. 

CXXIL  My  attempts  to  produce  fecun- 
dation by  artificial  means,  have  hitherto  been 
made,  only  when  the  tadpoles  had  arrived  ait 
the  place  deftined  by  nature  for  impregnation 
and  evolution.  But  fuppofe  it  was  attempted 
within  the  body.  We  know  that  they  are 
at  firft  lodged  in  the  ovaria,  then  pafs  along 
the  oviduóts,  and  at  laid  get  into  the  uterus. 
Will  artificial  fecundation  fucceed  alike  in 
thefe  three  receptacles  ? Thefe  reflections  fti- 
mulated  my  curiolity,  and  1 believe  I have 
now  data  mfhcient  for  the  folution  of  the 
problem.  I began  with  the  uterus.  This  or- 
gan is  divided  by  a membranous  partition  into 
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two  cells,  which  are  quite  filled  with  tadpoles, 
as  foon  as  they  have  palled  though  the  ovi- 
ducts. They  are  iuclofed  in  the  glutinous 
cords,  which  are  very  much  entangled;  it  is 
not,  however,  difficult  to  draw  them  entire 
out  of  the  uterus  with  forceps,  if  they  are 
managed  gently.  I opened  the  abdomen  of 
feveral  coupled  females  when  the  cords  began 
to  be  excluded,  for  at  this  time  the  uterus  is 
always  full,  and  difentangling  part  of  the 
mafs  which  lies  in  this  vifcus,  I bathed  it 
with  feed,  and  fet  it  ina  velfel  of  water.  The 
reft  of  the  cords  was  put  at  the  fame  time  into 
another  veftel  of  water  ; but  not  one  tadpole 
contained  on  the  latter  portion  was  evolved, 
whereas  all  thofe  which  had  been  impregnat- 
ed became  complete  tadpoles.  It  is  therefore 
to  bé  inferred  that  thefe  germs,  by  the  time 
they  get  into  the  uterus,  are  arrived  at  fuch 
a ftate  of  maturity,  as  renders  them  capable 
of  being  fecundated. 

While  I was  engaged  in  thefe  experiments, 
I was  eye-witnefs  of  an  accident  thatdeferves 
to  be  mentioned.  Having  often  obferved  the 
feminal  liquor  of  the  toad,  I found  it  very  full 
of  fpermatic  worms,  which,  like  thofe  of  the 
frog,  have  an  oblong  ffiape,  and  writhe  their 
body  as  they  move.  Upon  two  occafions  I 
have  been  greatly  furprized  at  finding  this 
fluid  totally  deftitute  of  inhabitants.  I was 
induced  to  try,  whether  it  is  alfo  deftitute  of 
fecundating  virtue,  but  I found  that  it  was 
jùft  as  efteUual  in  this  refpeCt,  as  that  which 
'moft  abounds  with  thefe  diminutive  animals. 

CXXIII.  inext  proceeded  to  try  whether  I 
could  impregnate  thofe  germs,  which  in 
cpupled  females  are  often  to  be  found  in  the 
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ovidufts.  I fucceeded  upon  many  of  the 
làrgeft,  thofe  which  lie  neareft  the  uterus,  but 
thofe  which  were  fituated  in  the  narrow  part, 
in  the  vicinity  of  the  heart,  where  the  other 
extremity  of  the  ovidufts  is  placed,  all  baf- 
fled my  attempts.  Thefe  different  refults  may 
perhaps  be  thus  explained.  The  gluten  in 
which  the  tadpoles  are  imbedded,  and  which 
forms  the  two  long  cords,  is  produced  as  the 
germs  pafs  through  the  ovidufts,  for  they 
are  totally  deftitute  of  it  before  they  enter 
into  thefe  canals.  Thofe  tadpoles  therefore 
which  have  palled  along  the  greater  part  of 
the  ovidufts,  and  of  courfe  are  neareft  to  the 
uterus,  will  be  furrounded  by  mofc  gluten. 
This  fubftance  has  been  appointed  by  nature 
for  the  firft  nourifhment  of  the  fetufes.  If 
therefore  they  happen  to  be  provided  with  a 
fufficient  fupply,  as  thofe  are  which  lie  near- 
eft to  the  uterus,  the  afperfion  of  feed  will 
not  be  ineffeftual  ; but  the  contrary  v/ill  hap- 
pen with  refpeft  to  thofe  which  have  little 
or  no  gluten  ; for  fhould  they  be  animated  by 
the  aft  of  fecundation,  they  will  foon  perifh 
from  wantof  nourifhment.  The  neceftityof  glu- 
ten during  the  firft  period  of  evolution,  is  evi- 
dent from  another  experiment,  in  which  the 
tadpoles  having  been  entirely  ftripped  of  it* 
were  wetted  with  femen,  but  they  came  to  no- 
thing -,  nay,  very  few  of  thofe  were  evolved 
from  which  part  only  was  taken.  Upon- open- 
ing one  day  a female  during  copulation,  I 
found  the  tadpoles  in  the  abdomen,  inftead  of 
the  uterus  and  ovidufts.  Their  colour  was 
black,  as  it  is  when  they  are  arrived  at  a ftate 
of  maturity,  but  they  were  without  gluten, 
having  never  entered  the  ovidufts..  Theie 
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fetufes,  after  being  moiftened  with  feminal 
liquor  were  not  evolved,  as  the  reader  v/ill 
naturally  fuppofe. 

CXXIV.  For  the  fame  reafon  thofe  taken 
from  the  ovarium  would  not  grow.  This 
vifcus  is  divided  into  two  large  lobes,  each  of 
which  conlifts  of  fmaller  lobes.  All  are  full 
of  little  tadpoles,  till  the  feafon  of  amours 
arrives,  when  they  feparate  from  their  ftalks, 
in  order  to  go  where  nature  has  deftined  them, 
I befprinkled  many  of  thofe  tadpoles  with 
feed  when  they  were  about  to  quit  the  ova- 
rium, but  in  vain.  This  experiment  fug- 
gefled  a curious  idea.  I had  found  that  the 
abdomen  of  female  toads,  and  this  is  alfo 
true  of  frogs,  may  be  opened,  not  only  with- 
out immediately  deltroying  them,  but  fre- 
quently without  preventing  them  from  bring- 
ing forth  their  young,  which  are  afterwards 
evolved,  either  in  confequence  of  natural  or 
artificial  fecundation.'  It  is  only  neceffary, 
that  the  female  thus  maltreated  fhould  be 
kept  in  the  dry  ; otherwife  the  water  will  en- 
ter in  at  the  wound,  and  occafion  death  be- 
fore parturition  takes  place.  Now  what  will 
happen,  thought  I,  if  the  abdomen  of  a fe- 
male fhould  be  opened,  and  the  feminal  fluid 
be  fpread  upon  the  ovarium  ? May  it  be  ex- 
pected that  the  tadpoles,  after  quitting  this 
vifcus,  paffing  through  the  oviducts  and  ute- 
rus, and  being  difeharged  at  the  anus  will 
grow?  Though  I had  little  expectation  from 
the  experiment,  and  was  determined  to  per- 
form it.  Having  with  this  view  perforated 
the  abdomen  of  two  females,  I threw  a drop 
of  feed  upon  each  ovarium  from  a fyringe  in- 
troduced through  the  wound.  I moreover 
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made  a perforation  in  the  membrane  that  in- 
verts the  ovarium,  and  injedted  another  drop 
of  feed,  which  muft  have  come  into  imme- 
diate contadi  with  the  tadpoles.  One  of  the 
toads  died  five  hours  after  the  operation  with 
the  tadpoles  in  the  ovarium,  but  the  other 
difcharged  part  of  them  at  the  anus  imbedded 
in  gluten,  as  if  rtie  had  been  in  a ftate  of  the 
moll  perfedl  health.  I kept  them  very  care- 
fully in  water,  but  not  one  came  to  perfec- 
tion ; whence  I was  obliged  to  infer,  that  the 
gluten  is  fo  indifpenfably  necefiary  for  the 
nutrition  of  thefe  delicate  beings,  that  fhould 
it  not  be  prefent  at  the  time  of  afperfion  with 
feed,  they  will  perilh,  even  though  it  fhould 
be  afterwards  fupplied. 

CXXV.  Having  eftablifhed  upon  a number 
of  decifive  trials,  the  portability  of  artificial 
fecundation  with  feed  (CXIX,  CXX,  CXXI, 
CXXII,  CXXXIII),  I thought  of  trying 
whether  the  exprefied  juice  of  the  tefticles 
would  anfwer  the  fame  end.  I fuppofed  this 
not  unlikely,  the  tefticles  being  the  organs 
in  which  the  feed  is  formed,  or  rather  per- 
fedted  and  rendered  fit  for  fecundation  -,  but 
on  account  of  their  finali  fize  in  this  animal, 
I could  not  hope  to  obtain  it  pure  : and  my 
only  refource  was  therefore  to  fqueeze  out  the 
juice,  and  ufe  this  for  my  experiments.  The 
tefticles  in  the  prefent  fpecies  of  toad  are  fi- 
tuatedat  the  upper  part  of  the  kidneys  ; they 
have  a yellowilh  colour  and  an  oval  fhape, 
but  are  a little  gibbous  on  one  fide,  like  thofq 
of  the  cock.  At  the  feal'on  of  generation 
they  contain  a brown,  denfe,  and  fomewhat 
vifcid  liquor.  Having  colledted  a little  of  this 
liquor  in  a watch-glafs,  I moiftened  with  it 
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about  one  hundred  tadpoles,  part  taken  out 
of  the  uterus,  and  part  aifcharged  by  the  fe- 
male, after  the  male  had  been  removed.  I 
fucceeded  perfectly  ; the  tadpoles  grew,  and 
I frequently  repeated  the  experiment  with 
equal  fucceis.  Upon  making  a comparifoa 
between  the  efficacy  of  the  feed,  and  the  j uice 
of  the  tefticles,  I found  that  both  fluids  pro- 
duce their  effedts  in  the  fame  time;  but  the 
latter  did  not  caufe  the  evolution  of  fo  great 
a number  as  the  former,  though  I did  not 
then  know  whether  this  arofe  from  its  infe- 
rior activity,  or  rather  from  its  denfity,  a qua- 
lity that  prevents  its  diffufion  over  an  equal 
extent  of  furface. 

CXXVI.  In  May  1780,  while  I was  com- 

Eofing  the  prefent  chapter,  the  fifhermen 
rought  me  a fpecies  of  toad,  concerning  the 
generation  of  which  I have  faid  nothing  in 
the  preceding  differtation,  for  I was  totally 
unacquainted  with  it  ; I ffiall  here  give  a fhort 
defcrlption  of  it,  as  it  relates  to  the  prefent 
fubjedt.  This  fpecies  is  fmaller  than  the  fe- 
tid terreffrial  toad,  but  is  of  the  fame  colour, 
if  we  except  the  belly,  which  is  of  a brighter 
white.  But  the  diverfity  of  manners  and 
organization  fhews,  that  the  two  fpecies  are 
totally  different.  The  fkin  upon  the  back  of 
the  fetid  toad  is  rough  like  fhagreen,  the  body 
is  rather  long,  and  theanimal  moves  like  frogs, 
by  long  leaps.  The  other  has  a fmooth  fkin, 
a thick  fhort  body,  and  jumps  a very  little 
way.  The  male  of  the  former  fpecies  utters 
a found  refembling  a man’s  whiffle.  The 
croaking  of  the  latter  is  very  low  and  indif- 
tindl,  a clear  proof  .that  the  organs  of  the 
voice  are  very  differently  conffrudted.  The 
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ft ru (Ture  of  the  parts  of  generation  alfo  dif- 
fers j the  female  of  the  fetid  toad  brings  forth 
two  cords,  but  that  of  the  other  only  one  ; 
the  former  derives  its  name  from  its  bad 
fmell,  but  the  odour  of  the  latter  is  at  moli 
not  more  offenfive  than  that  of  garlic.  The 
male  of  the  fetid  toad  throws  his  ai  ms  round 
the  thorax  of  the  female,  but  that  of  the  new 
fpecies  clafps  the  abdomen.  Hence  it  is  ap- 
parent, that  this  toad  ought  not  to  be  con- 
founded either  with  that  with  which  I have, 
been  contrafting  it,  nor  with  the  Bufo  igneus 
of  Roefel,  in  which  the  lower  part  of  the 
body  is  ornamented  with  flame-coloured 
fpots  (CCCCLXIV)  ; for  in  the  fpecies  in 
queftion,  not  a veftige  of  fuch  fpots  is  to  be 
perceived. 

The  firft  that  fell  into-  my  hands  was  coup- 
led,  and  the  female  was  difcharging  her  cords. 
I had  here  an  opportunity  of  admiring  the  cu- 
rious fpedtacle  aefcribed  by  Demours  (CII). 
When  they  were  placed  upon  my  hand,  they 
feemed  at  firft  a little  timid,  but  foon  after- 
wards the  female  continued  her  difcharge, 
though  I did  obferve  that  the  male  ufed  his 
hind  legs  to  extract  the  cord.  I faw,  how- 
ever, what  he  did  not  obferve,  I mean,  that 
the  male  fprinkled  the  tadpoles  from  time  to 
time  with  femen  emitted  from  the  anus, 
which  in  this  fpecies  is  terminated  by  a point. 
I watched  this  phenomenon  for  about  thir- 
teen minutes,  and  then  refolved  to  open  both 
the  male  and  female,  for  the  hike  of  the  fol- 
lowing experiments.  Having  extracted  the 
remainder  of  the  cord,  which  meafured  about 
a yard  and  a half,  I divided  it  into  four  por- 
tions : One  was  left  untouched,  the  fecond 
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was  moiftened  with  the  feed  remaining  in  the 
veficles  of  the  male;  the  third  with  juice  ex- 
prefled  from  the  tefticles  ; and  the  laft  with 
two  drops  of  the  feed  with  which  the  male 
was  impregnating  the  cord  as  it  was  excluded, 
which  I had  intercepted  in  a watch-glafs. 
Thefe  four  pieces  were  fet  in  feparate  veftels 
of  water,  and  in  a fifth  was  placed  that  piece 
of  cord  which  had  been  already  fecundated. 
The  refult  was  what  I imagined  it  would  be, 
from  former  obfervàtions.  Except  the  un- 
touched piece  of  cord,  all  the  reft  were  ani- 
mated with  a number  of  tadpoles  . ; whence 
we  may  draw  two  inferences,  firft,  that  in  this 
frefh  ipecies  fecundation  is  alfo  external; 
and  fecondly,  that  it  may  be  effected  hy  art, 
either  by  means  of  the  leminal  fluid,  or  the 
juice  of  the  tefticles.  Four  other  couples 
were  afterwards  brought  to  me,  two  of  which 
ierved  to  confirm  the  foregoing  obfervàtions, 
and  the  two  others  for  experiments,  which  I 
fhall  relate  in  another  place. 

CXXVII.  I fhall  finifh  the  prefent  chapter, 
with  a fhort  digrelfion  concerning  the  mode 
of  propagation  in  this  new  fpecies.  The 
cord,  both  in  the  oviduCts  and  uterus,  is  full 
of  black  globules,  which  whether  examined 
internally  or  externally,  exhibit  characters 
perfectly  refembling  thofe  of  the  tadpoles  of 
other  fpecies,  when  they  lie  in  the  oviduCts 
or  uterus.  If  the  impregnated  globules  be 
compared  with  the  unimpregnated,  they  will 
likewifebe  found  to  bear  an  exaCt  relemblance 
both  internal  and  external.  But  in  time  the 
latter  become  white,  the  furface  grows  wrink- 
led, and  chopped  in  various  places  ; the  wa- 
ter diflblves  them,  and  they  at  laft  fall  to 
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pieces,  and  are  quite  decompofed.  The  ap- 
pearance of  the  fecundated  globules  changes 
alfo  in  about  a day,  but  in  a manner  totally 
different.  Upon  the  furface  may  be  perceived 
two  furrows,  which  meet  to  form  an  angle. 
Above  the  angle  a prominent  filament  is 
feen,  and  at  the  fame  time  the  globule  in- 
creases in  bulk  and  length,  while  the  end 
grows  finer.  During  the  following  hours, 
the  furrows  become  deeper,  the  filament  pro- 
jects further,  and  the  point  grows  longer  ; 
on  each  fide  of  the  furrows  arife  two  finali 
tumours,  which  before  were  not  vifible.  In 
about  a day  longer,  the  myftery  concealed 
under  thefe  parts,  which  are  gradually  un- 
folded, is  laid  open.  We  find  that  the  two 
furrows  are  the  marks  of  the  mouth,  that  the 
prominent  filament  is  the  fpine,  that  the 
pointed  end  is  the  tail,  and  the  two  tumours 
the  gills.  All  thefe  parts  become  more  dif- 
tinff,  when  the  young  animals  begin  to  move 
about  the  wrater.  It  appears  therefore,  from 
thefe  obfervations,  that  the  fame  law  which 
prefides  over  the  birth  and  evolution  of  the 
ipecies  mentioned  in  the  preceding  diflerta- 
tion,  extends  likewife  to  this,  that  the  fetus 
belongs  to  the  female,  and  that  the  alperfion 
of  the  feed  of  the  male  is  a condition  necef- 
fary  to  the  animation  and  evolution  of  the 
fetus. 
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CHAP.  II. 


ARTIFICIAL  FECUNDATION  OF  THE  WA- 
TER-NEWT, AND  THE  FETID  TERRES- 
TRIAL TOAD. 


CXXVIII.  A S the  fecundation  of  the  wa- 
jfjL  ter-newt  does  not  take  place 
without  the  body  (CLXXX,  CLXXXI, 
CLXXXIV),  as  in  frogs  and  toads,-  I could 
not  try  to  impregnate  the  fetufes,  after  they 
have  been  difcharged  by  the  female,  but  was 
obliged  to  feek  fome  other  means  of  accom- 
plidiing  my  intention.  The  female  newt 
has  no  Uterus;  hence  the  fetufes,  after  quit- 
ting the  ovarium,  pafs  along  the  ovidudts 
into  the  redtum,  and  are  difcharged  at  the 
vent.  The  feed  of  the  male  infmuates  itfelf 
into  this  aperture,  and  fecundates  the  fetufes 
that  lie  neared;  to  it.  I have  moreover  fhewn 
in  the  eighty-fourth  paragraph,  that  the  more 
remote  fetufes,  thofe  which  are  iituated  higher 
in  the  ovidudts,  are  not  then  impregnated  ; 
and  that  before  this  can  happen  to  them, 
they  mud:  come  down  lower,  and  take  the 
place  of  thofe  which  have  been  impregnated 
and  difcharged.  Thofe  therefore  which  oc- 
cupy the  ovidudts,  appeared  to  be  the  proper 
fubjedts  of  my  experiments  ; but  my  attempts 
to  fecundate  them  did  not  fucceed.  I pro- 
ceeded in  this  manner;  having  laid  open  the 
ovidudts  of  a female,  and  the  vafa  defer  enti  a 
of  a male,  I took  out  the  feed,  which  in 
whitenefs  refembles  milk,  and  moiftened  the 
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fetufes  lying  high  in  thedudts;  I then  put 
them  in  water  without  delay.  Like  thof« 
which  are  brought  forth  naturally,  they  funk 
to  the  bottom,  where  they  were  held  by  the 
tenacious  gluten  that  invefts  them,  but  not 
one  grew.  The  gluten  gradually  quitted 
them,  and  they  burft,  and  were  diftblved.  I 
will  not  relate  the  many  frequent  repetitions 
and  variations  of  this  experiment,  how  I al- 
tered the  dofe  of  feed,  fometimes  letting  fall  a 
few  drops  upon  the  fetufes,  fometimes  bath- 
ing them  fparingly,  and  at  others  immerung 
them  in  it,  and  as  it  were  faturating  them, 
but  frill  to  no  purpofe.  Their  fituation  in  the 
oviducfts  made  me  apprehend,  that  they  pe- 
rifhed  for  want  of  a fufficient  quantity  of 
gluten,  as  is  the  cafe  with  tadpoles  taken  out 
of  the  upper  part  of  the  ovidudt  (CXXIII), 
and  at  the  fame  time  doubting  on  the  other 
hand,  left,  if  I took  them  from  a lower  fitua- 
tion, they  fhould  be  impregnated  by  the  male,  I 
had  recourfe  to  an  expedient  which  I thought 
would  determine  whether  my  apprehenfions 
were  Juft.  I was  then  (it  was  in  April)  in 
poffeilion  of  feven  female  falamanders,  which 
I had  kept  all  the  win  ter  in  water,  apart  from 
any  males  -,  notwithftanding  this,  they  were 
beginning  to  difeharge  their  fetufes.  I 
thought,  therefore,  of  trying  to  fecundate 
thefe  fetufes,  being  certain  that  on  the  one 
Hand  they  were  invefted  with  a fufficient 
quantity  of  gluten,  and  that  on  the  other 
they  had  not  been  impregnated.  I have  be- 
fore remarked,  that  the  males,  during  the 
feafon  of  their  amours,  will  emit  their  feed, 
if  the  belly  be.  gently  prefted,  and  the  fe- 
males their  young  (LXXX,  LXXXIV).'  By 
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this  eafy  method,  I got  thefe  female  newts  to 
bring  forth  their  young,  and  as  they  came 
away,  took  care  to  moiften  them  with  feed. 
But  notwithftanding  this  expedient,  I never 
faw  one  of  them  grow,  though  I carefully 
kept  them  in  water. 

CXXIX.  Mortified  at  fo  many  difappoint- 
ments,  I was  about  to  relinquish  the  attempt, 
under  a perfuafion  that  artificial  fecundation 
would  not  fucceed  on  newts,  when  a doubt 
fuggefted  itfelf,  whether  I had  not  neglefted 
a precaution  effential  to  the  fuccefs  of  thefe 
experiments.  In  another  place  I have  re- 
marked, that  the  male  fecundates  the  female, 
not  by  injecting  his  feed  immediately  into 
her,  but  by  throwing  it  into  the  water,  whence 
it  pafies  into  the  vent  of  the  female,  and  im- 
pregnates all  the  fetufes  that  lie  near  the 
reótum  (LXXX,  LXXXI).  It  is  therefore 
evident  that  the  feed,  when  it  produces  its 
efftedt,  is  not  pure,  but  diluted  in  water. 
Hence  I was  led  to  fufpedt  that  pure  feed, 
which  I had  ufed  in  my  experiments,  was  not 
fit  for  fecundation,  (perhaps  on  account  of 
its  too  great denfity)  but  that  it  muft  be  diluted 
in  water  ; I tried  this  method,  and  obtained 
refults  very  different  from  thofe  which  have 
been  juft  related.  By  gentle  p'refture  upon  the 
bellies  of  the  feven  females  (CXXVII)  that 
had  been  kept  by  themfelves,  I procured  the 
difcharge  of  twenty-feven  fetufes.  ^ I bathed 
them  aTl  with  water  in  which  a finali  por- 
tion of  feed  had  been  diffufed.  Seventeen 
periihed,  the  remaining  ten  did  well,  and 
during  their  evolution  prefented  the  appear- 
ances that  are  confequent  upon  natural  fecun- 
dation (LXXXV1I,  LXXX  Vili,  LXXXIX) . 

By 
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By  imitating  Nature  therefore  in  this  cir- 
cumftance,  I fucceeded  in  fecundating  this 
amphibious  animal  by  £rt,  as  well  on  the 
prel'ent  as  on  other  occafions  ; I loft  indeed 
many  fetufes,  but  this  could  not  furprize  me, 
lince  many  perilh  alfo  after  the  natural  im- 
pregnation (LXXXIX).  _ • 

The  juice  expreffed  out  of  the  tefticles  di- 
luted in  water,  anfwers  the  purpofe  of  fecun- 
dation, though  in  this  cafe  too,  about  one- 
third  only  of  the  fetufes  is  evolved.  This 
failure,  induced  me  to  defiftfrom  the  profecu- 
tion  of  my  experiments  on  this  animal  for 
the  prefenc.  The  fetid  terreftrial  toad  next 
engaged  my  attention,  and  indeed  fully  an- 
fwered  my  -expectation . 

CXXX.  We' have  feen,  that  in  the  terref- 
trial toad  with  red  eyes  and  dorfal  tubercles, 
artificial  fecundation  fucceeds  not  only  on  the 
tadpoles  that  have  been  difchargcd,  but  alfo 
in  tnofe  which  lie  in  the  uterus,  and  at  the 
inferior  extremity  of  the  oviduCts..  We  have 
moreover  feen,  that  it  may  be  effeCted  either 
by  the  feed,  or  the  juice  of  the  tefcicles.  I 
can  affure  the  reader,  that  the  refill t of  thefe 
experiments  repeated  on  the  fetid  toad,  was 
exactly  the  fame. 

But  the  great  quantity  of  this  fpecies  with 
which  the  fifhermen  fupplied  me,  the  abun- 
dance of  tadpoles  contained  in  the  uterus,  and 
the  facility  with  which  they  may  be  fecun- 
dated, led  me  to  attempt  fomething  befides 
the  bare  confirmation  of  my  preceding  ob- 
fervations.  The  dilcovery  of  the  means  of 
calling  forth  thefe  animals  into  exiftence, 
without  the  co-operation  of  the  male,  was 
an  experiment  pregnant  with  many  others, 
Vo  l.  II.  K which 
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■which  I was  the  more  tempted  to  undertake, 
Ance  the  harvefl  was  yet  not  touched  by  the 
iickle  of  philofophyf 

One  of  my  principal  views  was,  to  afcer- 
tain  what  would  be  the  confequence  of  trying 
to  force  Nature  out  of  her  ordinary  path,  ei- 
ther by  adulterating  the  feed,  and  the  juice 
òf  the  teflicles,  or  by  attempting  to  produce 
changes  in  the  tadpoles.  Such  an  invelliga- 
tion  promifed  to  afford  much  inllrudtion. 

In  the  preceding  experiments,  I had  ufed 
the  feed,  and  the  juice  of  the  teflicles,  imme- 
diately after  it  was  taken  from  the  male.  The 
animal  was  fixed  on  his  back,  by  means  of 
nails  driven  through  his  hands  and  feet  ; af- 
ter opening  the  abdomen,  I fought  for  the 
feminal  vehicles,  which,  when  the  inteflines 
are  removed,  appear  behind  the  bladder,  un- 
der the  fhape  of  two  tumours  -}  if  the  blad- 
der be  evacuated,  a better  view  of  the  veflcles 
is  obtained,  at  the  fame  time  the  teflicles 
come  into  fight  ; in  this  fpecies,  they  are  of 
a livid  brown  colour,  and  lie  upon  the  kid- 
neys. After  having  made  this  difpofition,  I 
took,  as  my  defign  led  me,  either  the  feed,  or 
the  juice  of  the  teflicles,  and  bathed  the  tad- 
poles. I now  thought  of  trying  thele  fluids 
fome  time  after  the  death  of  the  animal.  In 
another  publication  I have  obferved,  that 
frogs,  toads,  and  other  animals  very  tenacious 
of  life,  may  be  inllantaneoufly  killed  byinfinu- 
ating  a fharp  inllrument  between  two  cervical 
vertebra,  and  deflroying  a little  of  the  fpinal 
marrow.  They  fall  inflantly  into  convul- 
fions,  and  ceafeto  live;  an  event  that  does  not 
follow  either  decapitation,  or  any  other  treat- 
ment. -Three  hours  after  1 had  thus  killed  a 

- fetid 


DISSERTATION  II.  ;i34 

fetid  toad,  I opened  the  abdomen,  and  fearched 
for  the  feminal  veiicles,  which  were  a little 
collapfed,  not  now  containing  To  much  feed 
as  when  the  animal  is  alive  and  coupled.  With 
this  feed  I bathed  fome  tadpoles  taken  out  of 
the  uterus,  whence  all  that  were  ufed  in  the 
experiments  related  in  this  chapter  were 
taken.  The  event  fhewed,  that  the  feed  had 
not  differed  by  a continuance  of  three  hours 
in  the  dead  body.  The  fame  obfervation  is 
applicable  to  another  toad  which  had  been 
killed  five  hours  and  a half  ; the  feed  indeed 
being  in  very  final  1 quantity,  could  not  be 
fpread  over  many  tadpoles.  In  the  courfe  of  fe- 
ven  hours  after  death,  the  veficles  were  fo  much 
fhrivelled,  that  I could  lcarce  get  a drop  of 
feed,  which  however  retained  its  efficacy. 

CXXXI.  Two  immediate  confequences 
may  be  deduced  from  thefe  experiments  ; it 
appears  in  the  firft  place,  that  after  death  the 
quantity  of  feed  in  the  feminal  veficles  gra- 
dually diminifhes  till  it  quite difappears,  agree- 
ably to  the  laws  of  the  animal  oeconomy;  and  in 
the  fecond,  that  this  fluid,  notwithftanding 
its  wafte,  lofes  nothing  of  its  virtue,  at  leaft 
in  feven  hours.  But  does  it  retain  its  prolific 
power  any  longer  after  the  ceffation  of  life  ? 
As  dead  toads  would  not,  for  the  reafon  al- 
ready affigned,  enable  me  to  folve  this  pro- 
blem, there  remained  no  other  expedient  than 
to  take  the  feed  out  of  the  veficles,  and  keep 
it  in  a phial  or  tube.  Having  procured  all 
that  thefe  toads  would  furnifh,  I put  it  in  a 
little  glafs  tube,  and  ufed  it  at  different 
times.  Six  hours  did  not  impair  its  efficacy, 
but  at  the  feventh  hour  it  feemed  to  be  weaker, 
for  only  two-thirds  of  the  tadpoles  touched 
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with  it  came  to  perfection.  The  eighth  hour 
produced  worfe  effects,  and  the  ninth  proved 
i'o  hurtful,  that  out  of  fixty-five  tadpoles,  not 
one  was  evolved.  The  reader  is  not,  how- 
ever, to  fuppofe,  that  this  is  always  the  exact 
meafure'  of  the  time  in  which  the  feed  be- 
comes effete.  By  many  experiments  I have 
been  taught,  that  this  depends  on  the  tempe- 
rature of  the  atmofphere.  In  hot  weather, 
feed  taken  out  of  its  natural  receptacles,  be- 
comes in  fix  hours  and  a half  unfit  for  fecun- 
dation. But  in  a cold  feafon,  it  retained 
fomewhat  of  its  virtue  eleven  hours  and  up- 
wards. The  frequent  alternations  of  heat 
and  cold  during  faff  May,  (1780)  afforded  me 
many  opportunities  of  obferving  thefe  diffe- 
rent phenomena.  Finding  that  cold  favours 
the  retention  of  the  fecundating  virtue,  I 
thought  of  carrying  the  experiment  further, 
by  placing  fome  feed  in  an  ice-houfe.  It 
now  retained  its  efficacy  twenty-five  hours. 
When  1 refect  upon  the  nature  of  this  liquor, 
it  does  not  feem  difficult  to  account  for  the 
effect  of  heat  and  cold.  The  feminal  fluid, 
like  other  animal  fubffances,  is  lubject  to 
putrefaction  ; now  this  is  promoted  by  heat, 
and  retarded  by  cold.  In  my  fecond  Eff'ay 
concerning  the  natural  Hijiory  of  Animals  and 
Vegetables , I have  fpoken  at  large  on  the  ten- 
dency of  extravafated  feed  to  become  putrid, 
whence  it  lofes  the  fpermatic  worms,  its  na- 
tural inhabitants,  and  acquires  others  of  a 
very  different  kind,  refembling  the  animal- 
cules of  infufions.  The  feed  of  toads  runs 
fooner  or  later  into  the  putrefactive  fermen- 
tation, and  on  this  account  probably  becomes 
* . . effete. 
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effete,  fooner  when  the  atmofphere  is  warm, 
than  when  it  is  cold. 

I have  faid  before,  that  in  hot  weather  the 
feed  in  fix  hours  and  a half  is  rendered  unfit 
for  its  natural  life.  I found  that  in  this  cafe, 
the  thermometer  Hands  i8f  [a)  deg.  above, 
the  freezing  point.  This  fuggeHed  to  me 
the  idea  of  trying  what  would  happen  to  this 
fiuid,  if  it  fhould  be  kept  for  a fhort  time  in  a 
higher  temperature.  From  feveral  trials  it  ap- 
peared, that  the  heat  of  30  (b),  and  even  32 
( b ) deg.  was  not  prejudicial,  when  the  feed 
is  fubjedted  to  it  for  two  minutes  only;  but 
at  the  35th  ( b ) deg.  it  was  quite  fpoiled. 

CXXXII.  But  it  is  time  to  turn  the  reader’s 
attention  to  the  experiments  on  the  juice  of 
the  tefiicle^,  the  fecond  head  of  the  firft  en- 
quiry propofed  in  the  CXXXth  paragraph  ; 
as  before,  I left  the  tefticles  in  the  dead  ani- 
mal ; hut  the  event  was  very  different.  In 
the  veficles  the  quantity  of  feed  was  lb  much 
diminilhed,  that  in  leven  hours  there  fcarce 
remained  enough  for  one  experiment.  The 
tefticles  on  the  other  hand  of  the  fame  indi- 
vidual preférved  their  juice  lufficiently,  and 
it  was  fit  for  fecundation.  But  what  was  ex- 
prefled  from  the  tefticles  of  another  male  left 
dead  for  a day,  was  in  fufficient  quantity,  but 
altogether  effete.  In  the  profecution  of  this 
enquiry,  I found,  that  the  continuance  of  the 
efficacy  of  this  juice  is  connected  with  the 
temperature  of  the  atmofphere,  or,  to  fpeak 
more  properly,  with  the  time  in  which  it  be- 
gan to  grow  putrid,  as  happens  with  refpedt 

(a)  About  73  or  74  of  Far.  thermometer.  ( b ) 30=: 
99  B V — I04>  35=uo;b  nearly  of  the  fame  fcalc. 
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to  feed  alfo  (CXXXI) . Hence  in  warm  wea- 
ther, the  tefticles  afford  nothing  fit  for  im- 
pregnation after  nine  or  ten  hours  have  elapfed; 
whereas  when  kept  in  an  ice-houfe,  their 
juice  is  efficacious  after  thirty-four  hours. 
It  appears,  however,  from  a comparifon  of 
this  with  the  preceding  paragraph,  that  in 
the  fame  temperature  this  juice  retains  its 
virtue  longer.  Does  this  arife  from  its  not 
becoming  putrid  fo  foon,  at  leaf:  when  it  re- 
mains in  the  tefticles  ? I incline  to  this  opi- 
nion, though  I have-not  made  any  diredt  ex- 
periments with  this  view. 

CXXXXII.  The  tefticles  of  the  toad  are  fo 
finali,  that  when  expofed  to  the  air,  they  be- 
come fhrivelled  and  dry,  fooner  than  they 
putrify.  In  the  mean  time  they  do  not  Iole 
their  virtue,  but  the  juice,  as  long  as  they 
retain  any,  is  fit  for  fecundation. 

As  they  dry,  they  grow  hard,  and  affiline 
the  appearance  of  thin  leather;  when  put 
into  water,  they  refume  their  former  plump- 
nefs.  When  preffed,  they  appear  to  be  full 
of  juice,  but  it  will  not  caufe  the  evolution  of 
germs.  And  this  is  by  no  means  matter  of 
furprize,  fmce  the  better  and  more  adtive 
part  of  it,  muft  evaporate  during  defecation. 

The  fame  effedt  is  produced  by  too  excef- 
live  heat,  as  when  the  tefticles  are  kept  a few 
minutes  in  air  or  water  warmed,  to  about  the 
thirty-fifth  degree. 

If  we  combine  the  fadts  related  in  this  and 


the  foregoing  paragraph,  with  thole  of  the 
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ter  fluid  confifts  chiefly  of  the  former;  the 
fame  worms  inhabit  both.  Hence  it  may  be 
understood  how  it  came  to  pafs,  that  when  I 
bathed  tadpoles  with  the  juice  taken  from 
the  tefticles  of  toads  long  kept  by  themfelves, 
fecundation  did  not  take  place  ; this  was 
not  owing  to  a deficiency,  but  to  the  bad 
quality  of  the  juice.  It  was  to  no  purpofe 
to  try  the  juice  of  the  tefticles  of  young 
toads,  before  they  are  proper  for  generation. 
The  failure  arofe  from  the  want  of  feminal 
fluid,  which,  as  is  well  known,  is  not  pro- 
duced either  in  men  or  animals  before  a cer- 
tain age. 

CXXXIV.  In  the  artificial  fecundation  of 
both  thefe  fpecies  of  toad,  I had  ufed  feed  or 
juice  of  the  tefticles  not  adulterated  with  any 
other  fubftance.  But  having  propofed  in  this 
chapter  to  enquire  into  the  confequences  that 
would  follow  the  alteration  of  thefe  liquors, 
it  became  me  after  the  trials  already  infti- 
tuted,  to  mix  various  matters  with  them. 
The  flight  difference  between  the  feed  and 
the  juice  of  the  tefticles,  rendered  it  proba- 
ble, as  in  fad  it  happened,  that  their  admix- 
ture would  not  prevent  fecundation.  Water 
too,  though  a fluid  efientially  different,  did 
not  feem  likely  to  produce  ludi  an  effed, 
linee  the  feed  is  emitted  into  water,  and  ne~ 
celfarily  mixed  with  it  ; and  with  refped  to 
the  newt,  we  have  feen,  that  this  is  a requi- 
fite  condition  to  impregnation  (CXXIX).  In 
the  toad  water  heightened  the  prolific  power 
of  the  feed;  but  I content  myfelf  at  prefent 
with  giving  a fimple  intimation  of  this  fad, 
and  defer  to  the  next  chapter  a particular  ac- 
count of  it,  as  well  as  of  the  important  deduc- 
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tions  it  affords.  I here  confine  myfelf  to 
other  liquors.  In  opening  the  feminal  veficles, 
the  feed  which  when  unmixed  has  the  purity 
and  tranfparency  of  water,  is  always  adulte- 
rated with  blood  that  iffues  from  the  incilion 
made  in  the  abdomen  : the  mixture  is  then 
not  unlike  the  walkings  of  flefh  • I have  ufed 
it  for  bathing  a confiderable  quantity  of  tad- 
poles, and  have  found  it  juft  as  good  as  pure 
feed . Further,  blood,  after  being  thus  mixed, 
foon  coagulates,  and  if  taken  away,  leaves  the 
feminal  liquor  as  pure  as  ever.  I have  taken 
up  fome  of  the  clots,  and  after  rubbing  the 
tadpoles  with  it,  have  found  that  it  animates 
them,  on  account,  no  doubt,  of  the  feed  that 
adheres  to  it.  The  fame  remark  may  be  ap- 
plied to  the  other  fluids  of  both  male  and  fe- 
male toads;  the  bile,  the  faliva,  the  juices 
expreffed  from  the  liver,  lungs  and  kidneys, 
and  in  fhort  the  urine  itfelf,  do  not  prevent 
the  feed  from  producing  its  proper  effedt, 
notwithstanding  the  laffc  is  thought  by  many 
to  be  poifonous,  or  at  leali  corrofive  and  acri- 
monious. Human  urine  is  not  prejudicial, 
provided  it  is  ufed  in  equal  quantity.  But 
the  number  of  tadpoles  became  lefs  when  the 
portion  of  urine  was  increafed,  infomuch 
that  when  it  was  ufed  in  double  quantity, 
none  were  evolved.  Vinegar  agrees  very 
nearly  with  urine.  Human  faliva  is  innoxious 
in  whatever  proportion  it  is  employed.  Here  ' 
I maypoffibly  be  afked,  whether  a rpal  incor- 
poration of  thefe  feveral  liquors  with  the 
feed,  took  place:  or  rather,  whether  the  feed 
formed  a feparate  and  diflindt  body,  as  water 
poured  into  oil  ; in  which  cafe  fecundation 
being  effedled,  would  not  be  a matter  of  fur- 
. . prize  ? 
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prize  ? I reply,  with  great  confidence,  that 
the  mixture  took  place  in  the  firfi:  of  thele 
ways,  and  never  in  the  fecond.  When  I 
dropped  thefe  different  liquors  into  the  feed, 
I was  careful  to  obferve  what  changes  hap- 
pened, and  that  I might  be  better  enabled  to 
judge  I ufed  the  microfcope.  The  mixture 
feemed  always  to  be  attended  with  a real  in- 
corporation of  the  two  fluids.  When  water 
was  ufed,  it  appeared  as  limpid  and  homoge- 
neous as  if  it  had  been  water  alone.  When 
the  feed  was  mixed  with  black  vinegar,  the 
mixture  had  a blackifh  colour,  and  when 
with  white  vinegar,  it  was  fomewhat  lefs 
opake.  In  both  cafes  the  acid  loft  fomewhat 
of  its  fournefs,  a certain  proof  that  the  femi- 
nal  fluid,  which  of  itfelfis  infipid,  had  been 
diffufed  through  the  whole  of  the  vinegar. 
The  fame  thing  took  place  when  urine  was 
tried . 

The  juice  of  the  tefticles  after  being  mix- 
ed with  the  fame  fluids,  loft  nothing  of  its 
efficacy.  And  as  it  tinged  thefe  fluids  with 
its  own  colour,  it  was  reafonable  to  infer  that 
it  was  incorporated  with  them  as  well  as  the 
feed.  It  appears  therefore,  that  both  thefe 
prolific  liquors  preferve  their  qualities  fome 
time  after  the  death  of  the  animal,  both  when 
pure,  and  when  by  being  mixed  among  other 
matters  they  have  fullained  a confiderable  di- 
vifion  of  their  integrant  parts.  But  I fhall 
fpeak  more  particularly  concerning  fecunda- 
tion after  a great,  nay,  almofi:  infinite  fepa- 
ration  of  the  particles. 

CXXXV.  I now  come  to  defcribe  the  va- 
rious changes  I have  endeavoured  to  effedt  on 
tadpoles  before  fecundation,  which  was  the 

other 
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other  principal  objeCt  of  enquiry.  Having  kil- 
led feveral  females  in  the  way  defcribed  in  the 
CXXXth  paragraph,  I left  the  tadpoles  for 
fome  time  in  the  uterus.  I wifhed  to  know 
how  long  after  the  death  of  the  female,  the 
young  are  capable  of  being  impregnated } 
eight  hours  did  not  prove  hurtful  to  them, 
nor  twelve  ; but  when  bathed  with  feed,  after 
thirteen  or  fourteen  hours  had  elapfed,  the 
difference  became  evident,  for  out  of  about 
two  hundred,  more  than  eighty  perifhed. 
To  the  tadpoles  of  three  toads,  lixteen  hours 
continuance  in  the  uterus  was  fatal,  but  fe- 
veral  taken  out  of  that  of  a fourth  came  to 
perfection.  This  infiance  may  ferve  to  con- 
firm a maxim  adopted  by  the  moil  able  phi- 
lofophers,  according  to  whom  a great  mul- 
tiplicity of  trials  is  not  merely  expedient, 
but  necefiary,  when  we  would  eftablifh  any 
propofition.  The  induration  of  the  tad- 
poles of  the  three  fir  ft  toads,  the  thick- 
ening of  the  mucus  and  its  incipient 
putrefaction,  were  indications  fufficient  to 
make  me  apprehenfive,  left  the  application  of 
feed  fhould  not  be  attended  with  any  efteCt. 
But  I fuppofed,  that  in  a lower  degree  of  heat 
the  tadpoles  might  be  kept  longer,  for  thefe 
experiments  were  made  in  June,  when  the 
thermometer  in  the  fhade  flood  at2o° — 220  (a). 
It  readily  occurred  to  me,  that  recourfe  fhould 
be  had  to  an  ice-houfe,  in  which  I had  before 
kept  the  prolific  liquors  good  for  a confider- 
nble  time  (CXXXI,  CXXXII). 

My  fuppofition  was  confirmed  by  experi- 
ment. Tadpoles  left  in  the  uterus  of  two 

(ff)  20=77,  22  = 8 if  p 
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females  for  forty-one  hours  in  this  degree  of 
cold,  and  af terwards  moiftened  with  feed,  came 
mod;  of  themtoperfeftion.  I cannot  inform  the 
reader  what  effe  ft  is  produced  by  immerfing 
tadpoles  in  various  liquors,  not  having  had 
time  for  making  fuch  experiments.  The 
only  one  which  I could  try  was_  water; 
and  I fhould  not  have  imagined,  that  it  would 
be  fo  detrimental  as  it  really  proved  to  be, 
confidering  that  the  tadpoles  are  always  depo- 
fited  and  live  in  water.  After  tadpoles  ex- 
tracted from  the  uterus  of  a living  toad, 
have  been  left  four  hours  in  water,  the  ap- 
plication both  of  the  feminal  fluid  and  the 
juice  of  the  tefticles  was  quite  ineffectual. 
They  all  turned  putrid  in  a few  days.  The 
fame  event  took  place  on  other  occalions,  af- 
ter the  tadpoles  had  lain  for  three,  two,  and 
even  one  hour  in  water.  This  unexpefted 
phycnomenon  made  me  defirous  of  afcertain- 
ing  the  precife  time,  during  which  tadpoles 
may  be  kept  in  water  without  being  rendered 
unfit  for  fecundation.  I found  it  to  be  ex- 
ceedingly lhort,  about  thirteen  minutes  ; ma- 
ny kept  immerfed  longer,  never  came  to  per- 
fection, and  after  a continuance  of  fifteen  mi- 
nutes not  one  was  evolved.  This  at  lead; 
was  what  I obferved  concerning  fevaral  hun- 
dreds. 

But  how  does  water  fo  foon  damage  thefe 
embryos  ? It  is  quite  contrary  to  what  happens 
when  they  are  kept  in  the  dry,  whether  they 
are  left  in  the  uterus,  or  placed  in  a veffel  ; 
for  it  is  certain,  that  a continuance  of  leverai 
hours  will  not  under  this  circumftance  pre- 
vent the  effefts  produced  by  fecundation. 
The  beft  method  of  invedigating  the  caule 

of 
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' of  the  difference  feemed  to  be,  to  obfervc 
carefully  what  happens  to  the  tadpoles,  and 
the  mucus  in  which  they  are  imbedded,  while 
they  continue  in  water.  It  has  been  already 
leverai  times  obferved,  that  the  mucus  and 
tadpoles  conftitute  two  long  cords,  which 
the  female  flowjy  difcharges.  The  cords  at 
firft  fall  to  the  bottom,  but  if  the  weather 
be  warm  they  foon  rife  to  the  top,  and  con- 
tinue to  float.  This  afeenfion  arifes  from  an 
increale  of  bulk,  which  renders  the  firings 
fpecifically  lighter  than  water.  The  dilata- 
tion is  obvious  to  the  fenfes,  and  if  the  dia- 
meter be  taken  before  they  are  put  into  water, 
and  after  they  have  been  immerfed  fome  time, 
it  will  be  found  to  be  enlarged.  This 
change  muff,  I think,  be  imputed  to  water 
infinuating  itfelf  between  the  particles  of  the 
mucus.  And  my  opinion  is  confirmed  by  the 
two  following  reafons  ; the  firings,  when  left 
in  the  dry,  do  not  increafe  in  bulk;  and  if 
thofe  which  have  been  immerfed  be  fqueezed, 
water  will  ooze  out  of  them.  From  thefeob- 
lervations,  I think  we  may  account  for  the 
hindrance  water  occafions  to  fecundation.  It 
is  obvious,  that  the  feed  muff  traverfe  the 
mucus,  in  order  to  reach  and  impregnate  the 
tradpoles.  Now  it  muff  either  infinuate  it- 
felf into  the  pores  of  that  fubftance,  or  pafs 
along  certain  duffs  provided  on  purpofe  by 
nature.  When  thefe  openings,  of  whatever 
kind  they  may  be,  are  free,  as  in  the  cafe  when 
the  cords  are  kept  in  the  dry,  the  paffage  of 
the  feed  through  the  mucus  will  not  be 
interrupted  ; but  fhould  they  be  clofed, 
its  ingrefs  will  be  prevented  ; this  muff 
be  the  confequence  of  immerfion  in  water, 
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and  thus  we  come  to  underftand  why  in  a few 
minutes  they  are  rendered  incapable  of  being 
fecundated. 

CXXXVII.  The  infuperable  obftacle  arif- 
ing  from  the  infmuation  of  water,  has  been 
guarded  againft  by  Nature,  when  fecundation 
is  left  to  the  animals  themfelves.  The  male 
toad,  as  well  as  the  male  frog,  ejedt  their  feed 
upon  the  firings,  after  they  have  been  only 
a very  fhort  time  in  water.  And  I have 
found,  that  the  male  always  impregnates  thofe 
which  have  been  juft  brought  forth,  and 
which  confequently  have  been  juft  fubjedted 
to  the  adtion  of  water.  Thus  as  if  they  could 
forèfee  that  fecundation  would  not  take  place 
after  the  tadpoles  have  lain  tome  time  in 
water,  they  never  befprinkle  fuch  with  feed. 
I have  put  fome  females  in  water  by  them- 
felves during  the  adt  of  parturition,  and  after 
about  a yard  has  been  excluded,  have  admit- 
ted an  equal  number  of  males.  The  males 
album  ed  their  proper  ftation  without  delay, 
and  began  to  impregnate  the  tadpoles  lying 
dole  to  the  anus,  without  paying  any  regard 
to  the  others.  1 faid  above,  as  if  they  could 
forefee ; for  it  is  certain,  that  thefe  animals 
have  not  fagacity  to  diftinguifh  between  thofe 
that  are  fit,  and  thofe  that  are  unfit  for  im- 
pregnation . The  inftindl  allotted  tothem  byNa- 
ture,  prompts  them  to  mount  upon  the  female, 
and  in  this  fituation  to  impregnate  the  young. 
In  fuchapofture,  they  neither  do  norcan  im- 
pregnate any  but  thofe  fituated  near  the  parts 
of  generation  ; and  thus  they  unwittingly 
fulfil  the  great  purpofe  of  Nature,  the  pro- 
pagation of  thefpecies.  Hence  it  is  evident, 
that  although  fecundation  is  external  both  in 
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toads  and  frogsr  as  it  is  commonly  fuppofed 
to  be  in  fifhes,  it  is  not  effected  when  the 
fetufes  are  feparated  from  the  female,  and  lie 
at  the  bottom  of  the  water.  Of  this  truth,  I 
have  had  the  moft  ample  proof  in  every  fpe- 
cies  of  frog  and  toad  mentioned  in  thefe  two 
differtations  • for  when  many  pieces  of  cord 
have  been  put  in  veifels  of  water  containing 
males,  of  which  the  femfnal  vehcles  were 
quite  turgid,  not  one  fetus  out  of  fo  large  a 
number  ever  came  to  perfection.  We  muff 
therefore  conclude,  that  not  a drop  of  feed 
was  ever  caft  upon  them,  fince  we  have  feen 
that  a fin-gle  drop  is  fufiicient  to  impregnate 
great  numbers. 


CHAP.  III. 

ARTIFICIAL  FECUNDATION  OF  THE  TREE- 
FROG,  AND  THE  GREEN  AQUATIC  FROG. 

I WAS  obliged  to  confine  myfelf  to  a few 
experiments  on  the  tree-frog,  as  well  as  on 
the  water-newt,  not  on  account  of  the  diffi- 
culty of  bringing  the  fetufes  to  perfection,  as 
was  the  cafe  with  refpeCt  to  that  diminutive 
quadruped,  but  on  account  of  the  few  I pof- 
leffied  when  I was  engaged  in  thele  experi- 
ments'. All  the  information  therefore  which 
I am  able  to  give  the  reader,  con  lilts  in  allur- 
ing him,  that  my  attempts  to  produce  artifi- 
cial fecundation  were  fuccefsful  with  four 
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couples  of  the  tree-frog,  both  when  the  feed 
and  the  juice  of  the  tefticles  was  employed. 

I ihalì  therefore  proceed  to  the  green  aqua- 
tic frog,  a fpecies  with  which  its  prodigious 
abundance  in  the  plains  about  Pavia  has  ena- 
bled me  to  make  as  many  trials  as  I could 
wilh.  But  in  the  firft  place,  let  me  dwell  a 
moment  upon  the  defcription  of  the  parts  of 
generation  belonging  to  the  male  5 tnofe  of 
the  female,  have  been  already  defcribed  in  the 
firft  chapter  of  the  foregoing  dift'ertation. 

After  the  abdomen  has  been  opened,  and 
the  inteftines  removed,  the  bladder,  the  iemi- 
nal  velicles,  and  the  tefticles  appear  in  fight. 
The  firft  of  thcfe  parts  lies  very  near  the 
anus,  and  is  apparently  divided  into  two  lobes, 
though  it  has  in  reality  only  one  cavity,  for 
it  may  be  evacuated  by  opening  either  lobe. 
When  the  bladder  is  full,  it  partly  covers  the 
feminal  velicles  ; but  when  the  urine  is  eva- 
cuated, they  are  feen  very  diftindtly.  They 
lie  a little  higher  than  the  bladder,  and  con- 
fili of  a thin  membrane,  through  which  the 
feed  is  feen  ; it  has  the  tranfparency  of  water. 
Each  of  the  veficles  is  provided  towards  the 
top  with  a long  appendix,  which  is  infertedin 
the  epidydimis,  and  may  be  called  the  vas  defe- 
rens. Four  tefticles  have  been  fometimes  ob- 
ferved  in  the  newt,  an  obfervation  which  I 
have  had  occafion  to  verify.  But  frogs  and 
toads  are  never  fo  richly  provided.  In  the 
prefent  fpecies  there  are  two  tefticles,  which 
have  the  colour  of  the  yolk  of  an  egg,  and 
are  externally  granulated  like  thofe  of  toads  ; 
they  are  very  full  of  juice  at  the  feafon  of 
amours,  as  are  alio  the  feminal  velicles 
(CXX). 
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CXXXIX.  I ufed  both  the  feed  and  the 
juice  of  the  tefticles  for  artificial  fecundation. 
My  firft  trials  confifted  in  impregnating  tad- 
poles, recently  taken  out  of  the  uterus  of 
liying  females,  with  the  recent  prolific  fluids 
of  the  male.  I afterwards  ufed  thefe  liquors, 
after  they  had  been  kept  and  were  approach- 
ing towards  putrefaction,  upon  tadpoles  in 
likecircumftances.  Laftly,  I tried  the  effects 
of  mixture  with  different  fubftances.  Thefe- 
heads  comprehend  the  experiments  related  in 
the  foregoing  chapters.  The  event  was  the 
fame,  with  the  exception  of  a few  flight  va- 
riations. The  prolific  liquors  of  the  green 
aquatic  frog  preferved  their  qualities  longer 
than  thole  of  toads  ; but  they  do  not  fo  well 
refill  the  adtion  of  fudden  heat.  The  feed  of 
toads,  expoled  to  a temperature  denoted  by 
320  for  a few  minutes,  did  not  Iole  its  virtue 
(CXXXI),  but  that  of  this  frog  did  in  my 
experiments.  The  prolific  liquors  of  the  frog 
preferve  their  efficacy  when  mixed  with  more 
human  urine  than  thofe  of  the  toad  will  bear. 
The  tadpoles  of  the  frog  fo'oner  Iole  the  capa- 
bility of  being  fecundated  in  the  uterus  of  the 
dead  female  than  thofe  of  the  toad.  Such  are 
the  principal  differences. 

CXL.  I now  proceed  to  an  account  of  fonie  , 
new  experiments,  which  I hope  will  be  ac- 
ceptable to  the  reader.  I had  on  all  occa- 
lions  either  completely  covered  the  mucus 
which  furrounds  the  fetules  with  the  prolific 
liquor,  by  means  of  a pencil,  or  immerfed 
them  in  a quantity  contained  in  a watch- 
glafs,  fo  that  every  part  was  moiftened.  But 
is  it  to  be  fuppofed  that  they  mull  be  fo  ex- 
actly covered  ? The  qutltion  was  of  import- 
ance. 
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ance,  and  experiment  alone  could  decide  it. 
The  mucus  is  not  drawn  out  into  long  cords 
as  in  toads  (XLV,  LXVIII),  but  is  mould- 
ed into  balls  or  globules,  of  which  each  con- 
tains a tadpole.  Thefe  balls,  when  taken  out 
of  the  uterus,  may  be  eafily  feparated.  I 
bathed  fonie  all  round,  others  only  over  one 
hemifphere,  and  others  over  one-third  of 
their  furface  ; they  were  immediately  put  into 
water.  The  animation  of  all  thefe  tadpoles 
proved,  that  it  is  not  necelfary  to  cover  more 
than  a part  of  the  mucous  fpheres  witli 
feed.  The  tadpoles  of  this  fpecies  are  round  j 
one  hemifphere  is  white,  the  other  black 
(XIV).  Does  bathing  the  mucus  which  is 
oppolite  to  the  black  or  the  white  hemifphere 
produce  fecundation  mod:  certainly  ? Or  is 
this  an  indifferent  circumffance  ? Experiment 
fliewed,  that  whichever  part  is  moiffened  with 
feed,  the  tadpoles  are  evolved  alike. 

In  my  laft  trials  I had  not  bathed  a fmaller 
portion  than  one-third  of  the  furface.  But  I 
did  not  flop  here.  I reduced  the  fpace  more 
and  more,  till  there  remained  net  above  the 
point  of  a pen,  and  even  of  a needle,  which  I 
dipped  into  feed,  and  then  brought  once  into 
contadi  with  a ball;  and  yet  fecundation  as 
readily  followed,  as  when  the  globules  were 
covered  all  over.  I was  next  curious  to  know 
whether  a quantity  of  feed  fo  inconfiderable 
v/ould  fecundate  the  tadpoles  lying  conti- 
guous to  the  fphere  that  I touched.  I placed 
twenty-four  globules  in  twelve  watch-glades 
full  of  water;  the  two  globules  in  each  glafs 
lay  clofe  to  each  other,  and  the  vifeidity  of 
the  gluten  kept  them  in  this  lituation.  I 
then  touched,  with  the  point  of  a needle 
Vol.  II.  L dipped 
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dipped  in  feed,  one  ball  in  each  glafs.  But 
as  twenty-two  tadpoles  came  to  perfection „ 
it  appeared  that  every  drop  of  feed  had  im- 
pregnated two.  I repeated  this  curious  ex- 
periment with  the  fame  quantity  of  feed,  and 
alfo  with  a fmall  addition.  In  the  former 
cafe  the  number  of  tadpoles  that  grew  to  per- 
fection was  double  of  that  of  the  balls  that 
were  touched  : in  the  latter  it  always  was  ; 
nay,  when  two  globules  were  brought  into 
contaCt  with  that  which  was  touched,  the 
tadpoles  of  both  were  very  often  -evolved. 
The  feed  therefore  of  the  great  aquatic  frog 
is  fo  powerful,  that  the  fmalleft  drop  is  fuf- 
ficient  to  impregnate  feveral  tadpoles. 

CXLI.  Confidering  that  in  this  furprizing 
experiment  the  fmall  quantity  of  feed  mult 
have  paifed  through  the  mucus,  before  it 
could  fecundate  the  tadpoles,  I thought  it 
worth  while  to  try  what  would  be  the  con- 
.fequence  of  doubling  the  thicknefs  of  this 
fubftance,  and  ufing  the  fame  portion  of  feed. 
Having  put  with  this  view  fome  fingle  glo- 
bules in  watch -glalfes,  I laid  hold  of  the  mu- 
cus with  a fmall  pair  of  forceps,  and  itretched 
it  about  m inch.  After  fixing  it  in  this  fi- 
t nation,  1 touched  the  extremity  once  with 
the  point  of  a needle  dipped  in  feed.  The 
tadpoles  force  times  were  fpoiled,  but  they, 
not  infrequently,  came  to  perfection,  an  evi- 
dent proof  that  the  drop  or  feed  had  traverf- 
ed  the  whole  thicknefs  of  the  gluten,  for  as 
it  was  extended  in  an  horizontal  direction,  it 
could  not  be  fulpeCted  that  it  had  run  down 
the  outfide. 

The  next  experiment  bears  a clofe  relation 
to  this.  About  fifty  globules  were  put  into 
? . . a glafs- 
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a glafs-tube  hermetically  fealed  at  the  bot- 
tom. The  tube  was  placed  in  a vertical  po- 
litimi } and  a ftratum  about  an  inch  thick  of 
gluten  was  placed  at  the  top  ; the  gluten  was 
lb  fixed,  that  it  rofe  towards  the  circumfe- 
rence, and  was  deprefied  in  the  center,  and 
thus  it  formed  a kind  of  funnel.  Upon  this 
was  dropped  a little  feed,  and  as  foon  as  it 
was  loft  (which  foon  happened),  the  gluten 
was  removed,  and  the  tubes  were  placed  in 
water.  When  the  quantity  of  feed  was  not 
exceedingly  finali,  almoft  all  the  tadpoles 
were  animated,  at  other  times  leverai  fpoiled. 

I repeated  the  experiment,  fubftituting  the 
white  of  an  egg  in  the  place  of  the  mucus. 
But  then  notone  tadpole  was  evolved.  When 
I put  a little  upon  the  globules,  it  grew  pu- 
trid and  communicated  the  fame  fermentation 
both  to  gluten  and  tadpole. 

The  two  firft  experiments  related  in  this 
paragraph,  fhew  the  wonderful  efficacy  of  the 
feminal  liquor  of  the  frog,  though  fin  fuch 
finali  quantity  in  penetrating  into  the  mucus, 
and  palling  through  it  without  lqfing  its  vir- 
tue. This  phenomenon  muft  be  either  ow- 
ing to  the  pores  of  this  fubftance,  or  to  ca- 
pillary tubes  wrought  by  nature,  in  order  to 
imbibe  the  feed  and  tranfmit  it  to  the  body 
of  the  tadpole.  The  white  of  the  egg  being 
deiigned  for  the  firft  nourifhment  of  the 
chicken,  an  animal  widely  different  from  the 
tadpole,  muft  neceffarily  be  conftrucfted  dif- 
ferently from  the  mucus,  which  affords  nou- 
rifhment  to  the  tadpole.  Hence  it  is  eafy  to 
comprehend  why  the  pafiage  of  the  prolific 
liquor  through  the  white  is  impoffible,  while 
it  is  fo  eafy  through  the  gluten. 
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CXLII.  But  if  we  are  ff  ruck  with  furprize 
by  the  fmall  dofe  of  feed  which  is  capable 
of  effecting  impregnation,  the  following  ex- 
periments will  very  much  increafe  this  emo- 
tion. In  the  CXXXIVth  paragraph  I inti- 
mated that  this  fluid,  when  mixed  with  wa- 
ter preferves  its  efficacy,  but  I poflponed  the 
particular  dilcuffion  of  this  matter  : I fhall 
now  enter  upon  it.  In  my  firfl:  trial,  equal 
quantities  of  the  fern  inai  liquor  and  water 
were  ufed.  Finding  that  this  mixture  was 
fit  for  my  purpofe,  I doubled  the  proportion 
of  water.  In  every  experiment  1 employed 
• what  was  afforded  by  the  vehicles  of  one 
frog,  which  never  exceeded  three  grains. 
But  the  effeCt  was  heightened  very  much  by 
this  increafe  of  wTater,  infomuch,  that  twice 
the  number  of  tadpoles  was  evolved:  Not 
that  the  water  concurred  in  producing  this 
difference  by  any  virtue  of  its  own,  but  be- 
caufe  the  feed  was  fo  much  attenuated,  that 
it  might  be  fpread  over  twice  the  number  of 
tadpoles.  For  the  fame  reafon,  when  the 
water  was  in  the  proportion  of  four  to  one, 
three  hundred  came  to  perfection,  whereas 
when  thefe  fluids  were  in  equal  quantities, 
not  more  than  one  hundred  were  evolved. 
This  fortunate  relult  gave  me  courage  to  try 
the  mixture  of  a pound  of  water  with  three 
grains  of  feed.  And  here  my  fuccefs  was 
greater  than  I could  have  conceived.  To  my 
affo  nilhmen  tal  molt  all  the  tadpoles  furnifhed 
by  the  uterus  of  two  females,  were  brought 
to  life  by  being  immerfed  in  this  mixture. 

Convinced  that  admiration  fometimeS  takes 
fitch  ltrong  hold  of  an  objeCt  as  to  hinder 
reafon  from  confidering  it  properly,-  I 
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fought  to  lefien  it  by  a reflexion.  When  I 
put  the  tadpoles  into  water,  they  funk,  as 
ul'u al  to  the  bottom,  where  they  were  held 
by  the  mucus.  Now  did  it  happen  that 
the  fperm,  heavier  perhaps  than  water,  fell 
to  the  bottom,  exactly  upon  the  fpot  on 
which  the  tadpoles  lay?  If  fo,  fecundation 
was  not  produced  by  feed  diffufed  through  fo 
much  water,  but  confined  to  a much  nar- 
rower compafs.  By  this  fuppofition,  Ihould  it 
prove  true,  the  wonder  would  be  very  much  lef- 
lened.  The  way  I took  to  determine  this  ques- 
tion was,  to  mix  the  feed  of  another  frog  with 
a frelh  pint  of  water.  Now  fuppofing  the  fpe-~ 
cific  gravity  of  the  former  liquid  to  be  greater, 
it  would  go  to  the  bottom  in  the  fpace  of  an 
hour.  At  the  expiration  of  this  time  I fixed 
tadpoles  at  various  heights  in  the  water.  If 
we  fuppofe  that  the  feed  fell  to  the  bottom, 
it  is  obvious  that  thofe  only  which  lay  there 
would  be  impregnated.  , This  indeed  hap- 
pened, but  at  the  fame  time  all  thofe  which 
occupied  different  lfations  were  likcwife  im- 
pregnated, not  excepting  thofe  which  were  at 
the  furface.  Nor  could  I perceive  that  the 
lowed;  had  the  advantage  of  being  evolved  in 
greater  proportion.  The  confequence  is  ob- 
vious, the  feed  did  not  fall  to  the  bottom, 
but  was  diffufed  equally  through  the  mafs. 
The  firft  furprize  therefore  returns.  Three 
grains  of  feed  may  be  diluted  in  a pint  of  wa- 
ter, without  lofing  their  Simulating  power  ! 

CXLIII.  The  reader  will  eafilyguefs,  that 
after  having  carried  the  experiment  fo  far,  I 
yvould  urge  it  onwards,  and  employ  quantities 
of  water  (uccelli  vely  larger,  till  the  fecunda- 
ting virtue  fhouldbediminifhed  or  defiroyed, 
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for  it  is  natural  to  imagine  that  this  mull 
happen  at  laft.  I therefore  next  employed 
eighteen  ounces  inftead  of  twelve,  and 
the  tadpoles  placed  at  different  heights 
did  as  well,  and  were  nearly  as  numerous  as 
before.  But  the  promud;  was  lefs  in  two 
pounds  of  water,  and  about  one-third  lefs  in 
three,  four  pounds  were  ffill  more  prejudi- 
cial. But  nptwithftanding  this  diminution 
of  effeCt,  I could  not  help  wondering  when  I 
faw  that  even  upon  the  addition  of  twrenty- 
two  pounds  of  water,  a few  tadpoles  received 
life. 

CXLIV.  We  have  already  feen  how  finali 
a quantity  of  pure  l'perm  fuftices,  a drop  taken 
up  by  the  point  of  a needle  ! (CXL).  This 
truth  appears  with  ffronger  evidence,  when 
three  grains  are  diffufed  in  twelve,  and  in 
eighteen  ounces  of  water  (CXLII,  CXLIIX). 
But  the  fadis  which  I am  now  to  adduce, 
prove  yet  more  forcibly  that  a quantity  in- 
finitely fmaller  will  produce  the  fame  effed:. 
How  diminutive  muff  be  the  particles  of  feed 
comprehended  in  a drop  of  water  fcarce  vifi- 
ble,  and  taken  from  a mafs  of  water  of  eighteen 
ounces,  in  which  three  grains  of  the  ferni- 
nal  fluid  have  been  diluted,  the  reader  may 
imagine.  They  are,  notwithftanding,  capa- 
ble of  producing  fecundation.  I dipped  the 
point  of  a needle  into  this  mixture,  and 
touched  feveral  globules  with  it.  The  dia- 
meter of  the  drop  taken  up  was  about  one- 
fiftieth  of  a line.  To  my  great  lurprize  the 
tadpoles  frequently  grew  to  perfection . And 
what  added  ftrengtli  to  this  emotion  wasi 
to  find  that  thole  imbedded  in  globules 
touched  at  one  point,  were  evolved  juft  as 

well. 
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well,  and  as  fpeedily,  as  thofe  of  others  im- 
merfed  in  pure  feed. 

CXLV.  Having  feveral  pounds  of  water, 
containing  each  three  grains  of  feed,  I was 
unwilling  to  lay  them  alide  before  I had  made 
fome  further  experiments.  I fil'd:  tried,  whe- 
ther the  water  is  rendered  Iterile  by  the  fe- 
cundation of  a number  of  tadpoles.  As  many 
globules  as  a pound  of  water  would  contain 
were  immerfed  in  it  ; they  amounted  to  feve- 
ral thoufands.  After  they  were  taken  out, 
others  were  thrown  in  ; and  thefe  came  to 
life  juft  as  well  as  the  former;  and  fo  did 
others  afterwards  immerfed.  I was  weary  of 
repeating  the  experiment  before  the  water 
loft  its  efficacy.  I kept  an  account  of  the 
tadpoles  of  fifty  frogs,  which  were  fuccef- 
fively  put  into  this  water  without  impairing 
its  prolific  power. 

I next  tried,  whether  the  fetufes  of  frogs  are 
brought  to  life  fooner  by  a long  continuance 
in  the  water.  A pound  was  divided  into 
equal  portions,  and  in  one  fome  globules  were 
kept  immerfed  fora  fecond,  and  then  put  into 
pure  water  ; at  the  fame  time,  other  globules 
were  put  into  the  other  portion  and  left  in  it; 
but  there  did  not  appear  to  be  any  difference 
in  the  evolution  of  the  tadpoles. 

Laftly,  I wifhed  to  know  how  long  water, 
containing  fo  fmall  a quantity  of  fperm,  pre- 
ferves  its  qualities.  It  preferves  them  longer 
than  pure  feed.  It  would  impregnate  tadpoles 
thirty-five  hours  after  the  mixture,  when  the 
thermometer  flood  between  17 0 and  190  (a) 
in  my  apartment.  In  an  ice-houfe,  in  which 

(a)  17  — 7°h  *9  = 742  of  F. 
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the  thermometer  flood  (a)  30  \ above  the 
freezing  point.  I have  before  obferved,  that 
putrefaction  probably  deftroys  the  prolific 
power  of  the  feed  (CXXXI).  And  lince  it 
does  not  fo  foon  run  into  this  degree  of  fer- 
mentation, when  divided  by  a large  quantity 
of  water,  we  eafily  underftand  how  it  comes 
to  retain  its  virtue  longer. 

CXLVI.  From  the  CXLth  to  the 
CXLVth  paragraph,  I have  related  experi- 
ments made  with  the  fperm  of  frogs,  without 
mentioning  the  juice  of  the  tefticles.  But  it 
mu  ft  not  be  fuppofed  that  I have  negleCted 
to  make  ufe  of  it  ; the  fingularity  and  beauty 
of  the  enquiry  in  which  1 was  engaged,  re- 
quired that  it  fhould  not  be  overlooked.  I 
employed  this  juice  in  every  trial  mentioned 
in  the  preceding  paragraphs  ; whenever  I 
opened  the  feminal  vehicles  of  a frog,  I at  the 
fame  time  took  out  its  tefticles.  I was  thus 
eafily  enabled  to  remark  the  refults  afforded 
by  each  of  thefe  fluids,  and  if  there  was  any 
remarkable  difference,  it  could  not  fail  to 
itrikeme;  but  no  fuch  difference  was  ever 
perceptible.  I may  here  clear  up  a doubt 
fuggefted  in  the  CXX V th  paragraph.  I there 
òbferved,  that  the  juice  of  the  tefticles  of  the 
terreflrial  toad  with  red  eyes  and  dorfal  tu- 
bercles, impregnated  in  like  circumftances  a * 
fmaller  number  of  tadpoles  than  the  feed.  I 
was  fpeaking’of  it  when  mixed  with  other  fub- 
flances  ; and  I.  fubjoined,  that  it  was  not  in 
my  power  to  determine,  whether  the  defeCt 
was  to  be  aferibed  to  inferiority  of  efficacy, 
òr  to  its  thicknefs,  a quality  which  prevents 
, . ì . / . • ' 
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it  from  being  fpread  over  fo  large  a furface. 
The  addition  of  other  fubftances,  bat  efpe- 
cially  of  water,  fhews,  that  the  latter  is  the 
true  caufe.  I have  found  on  many  trials,  that 
the  juice  of  the  tefticles,  as  well  of  the  frog 
as  the  toad,  imparts  to  water  as  great  efficacy 
as  an  equal  quantity  of  the  feed. 

CXLVII.  I muft  not  omit  to  mention  ano- 
ther circurn fiance  of  feme  importance.  The 
great  abundance  of  each  fpecies  of  toad  men- 
tioned in  the  two  preceding  chapters,  which 
has  fallen  into  my  hands  in  the  courfe  of  the 
prefent  year,  has  enabled  me  to  make  as  many 
experiments  with  them  as  with  the  green 
aquatic  frog  -,  and  I have  obferved  no  effential 
difference  in  the  refults.  Frogs  and  toads 
confiitute  but  one  genus  ; they  copulate  and 
propagate  the  fpecies  in  the  fame  manner; 
the  refemblance  of  the  organs  of  generation 
in  both  fexes  is  very  clofe  ; the  fetufes  are 
impregnated  in  the  lame  way  ; they  are  alike 
imbedded  in  mucus  : fo  many  marks  of  affi- 
nity eafily  enable  11s  to  comprehend,  why  ex- 
periments fo  numerous  and  various  afford 
correlponding  refults. 

Belore  I conclude  my  account  of  thefe  at- 
tempts to  effect  artificial  fecundation,  I muft 
make  two  obfervations.  Every  experiment 
is  not  crowned  with  fuccefs  alike.  Suppofe, 
for  irjftance,  five  hundred  tadpoles  to  be  bathed 
with  the  feed  of  a frog  or  toad,  and  other  five 
hundred  with  that  of  another.  Let  the 
quantity  of  this  fluid  be  the  fame  in  both 
cafes,  and  imagine  the  fetufes  to  be  taken 
out  of  the  uterus.  The  effedt  will  certainly 
follow  ; we  may  be  fare  that  the  tadpoles  will 
be  evolved  ; but  we  cannot  be  equally  lure 
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that  the  fame  number,  or  nearly  the  fame 
number,  will  be  evolved  ; for  it  fometimes 
happens,  that  the  whole  of  one  five  hundred 
come  to  perfection,  while  half  of  the  other 
or  more  fail.  So  it  falls  out  likewife  when 
they  are  left  to  nature,  as  I have  frequently 
witnefied  when  I kept  thefe  animals  in  vef- 
fels,  in  order  to  difcover  the  fecret  of  im- 
pregnation, and  any  follower  of  fuch  pur- 
fiuits  may  obferve  the  fame  thing  in  the  open 
fields.  In  May  we  may  fee  in  the  ftagnarit 
waters,  in  which  frogs  celebrate  their  amours, 
fiome  tadpoles  that  have  lately  quitted  their 
mucus  andare  fwimming  about,  while  others 
are  Itili  involved  in  it  ; but  they  fhew  figns 
of -animation,  and  are  feemingly  eager  to  break 
loofe  from  their  confinement.  If  we  fix  our 
attention  upon  the  latter,  we  finali  perceive 
in  the  heap  globules  not  clear  and  tran- 
fparent  like  thofe  which  contain  living 
tadpoles,  but  turbid,  and  of  a muddy  white 
colour  ; they  have  no  motion,  nor  are  they 
elongated  like  the  others,  but  remain  at  refi: 
and  preferve  their  original  round  Ihape.  The 
fi  flu  res  upon  the  furface  are  .evident  figns,  that 
the  fetules  will  never  grow  to  perfection. 
The  fame  obfervation  may  be  made  upon  the 
long  firings  of  toads.  This  partial  failure 
may  be  traced  to  two  fources  : it  may  arile 
either  from  the  feed  or  the  tadpoles.  If 
every  part  of  this  liquor  IhOuld  not  be  equally 
prolific,  the  whole  will  not  produce  fecun- 
dation. Part  alfo  of  the  tadpoles  may  be 
vitiated,  and  incapable  of  being  impregnated. 

My  fecond  remark  relates  to  the  difierence 
of  time  requifite  for  evolution.  Though  they 
fiiould  all  be  taken  from  the  fame  lituation, 
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and  all  equally  covered  with  feed,  yet  they  will 
not  all  be  equally  forward  in  their  growth. 
There  will  be  fometimes  the  difference  of 
a few  hours,  and  fometimes  of  a whole 
day.  It  may  be  obferved,  that  of  the  lateft 
more  fail  than  of  the  others.  This  circum- 
ftance  guided  me  in  my  enquiry,  whether  a 
fmaller  quantity  of  feed  did  not  produce  fuch 
lpeedy  effects.  This  did  indeed  now  and 
then  take  place,  but  my  often  repeated  trials 
convinced  me  that  it  was  but  feldom.  Upon 
the  whole,  thofe  which  were  impregnated 
with  a larger  quantity  of  feed  were  not  more 
advanced,  and  in  a few  inftances  they  were 
not  fo  forward.  Upon  weighing  the  feveral 
fadis  which  I obferved,  I was  obliged  to  con- 
clude, that  a larger  or  fmaller  quantity  of 
feed  is  an  indifferent  circumftaqce  in  this  re- 
fpedt.  The  tardinefs  of  evolution  feemed  to 
be  owing  to  the  caufes  fpecified  above. 

CXLVIII.  I will  conclude  the  chapter, 
with  an  anfwer  to  a queftion  often  afked  con- 
cerning artificial  fecundation.  Many  lovers 
of  experimental  invèftigations  have  enquired, 
whether  the  tadpoles  and  newts  which  I 
brought  into  life,  exactly  refembled,  both 
externally  and  internally,  thofe  which  are  the 
product  of  pure  nature  ; and  whether  I was 
certain,  that  they  lofe  the  fhape  of  a worm  in 
order  to  acquire  the  form  of  the  fpecies. 
When  fìrft  I was  thus  interrogated,  I was  ac- 
quainted only  with  the  few  refults  of  myfirflr 
experiments  made  in  1777,  and  conlequently 
could  not  give  a fatisfadtory  anfwer.  The 
lineaments  appeared  to  be  very  much  alike, 
both  in  the  products  of  art  and  thofe  of  na- 
ture; but  I had  not  then  conceived  any  idea 
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of  making  a particular  comparifon  between 
them.  After  I had  obtained  my  purpofe  of 
bringing  thefe  animals  to  life,  and  they  had 
grown  to  maturity,  I was  willing  to  enquire 
further,  though  I faw  no  reafon  for  fuppofing 
that  artificial  fecundation  fhould  alter  the 
laws  of  nature.  The  comparifon  v/as  how- 
ever made  in  the  prefen  t year  (1780),  and  I 
can  confidently  affirm,  that  upon  the  molt 
minute  examination  I have  never  difcovered 
the  fmallefi:  difference,  either  in  the  external 
or  internal  parts  ; both  the  one  and  the  other 
have  undergone  the  accuftomed  change  at  the 
time  appointed  by  nature,  the  tadpoles  be- 
coming frogs  and  toads,  and  the  young  newts 
lofing  their  gills  and  producing  their  legs. 
It  is  therefore  evident,  that  artificial  fecunda- 
tion does  not  produce  the  fmallefi;  alteration 
in  the  oeconomy  of  thefe  animals,  but  that 
every  thing  proceeds  in  the  fame  regular  te- 
nouras  in  natural  fecundation. 

- ' ' ’ - ; ■ 

CHAP  IV. 

' 1; 

REFLECTIONS. 

tj  IT  PI  ERTO  I have  feldom  departed 
j[  from  the  duty  of  the  mere  hifiorian  ; a 
duty  which  1 have  difcharged  with  the  greater 
pleafure,  lìnee  the  fadts  1 had  to  relate  had 
the  recommendation  of  novelty.  But  it  is 
now  fit  that  I fhould  allume  the  character  of 
the  philofopher  ; that  I Ihould  analyze  and 
compare  thefe  fadts,  and  employ  them  not 
only  for  the  further  illuftration  of  fome  truths 
which  I have  eflablifhed  relative  to  genera- 
tion. 
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tion,  but  alfo  for  the  explanation  of  different 
phenomena  accompanying  this  admirable 
function.  The  follovving  reflexions  will,  I 
hope,  contribute  to  this  purpofe. 

I.  That  the  females  of  feveral  amphibious 
animals  contain  in  their  uterus  fetules  com- 
pleatly  generated  before  the  approaches  of 
the  male,  is  one  of  the  principal  proportions 
jfhewn  in  the  preceding  differtation.  It  is 
proved  at  length  in  paragraphs  XVIII,  XIX. 
XXX.  LIV,  LV,  LVI,  LVII.  LXXII.  XCI. 
It  is  confirmed  in  the  CXXVIIth  paragraph 
of  this  differtation.  Hence  by  paragraphs 
CX,  CXI.  are  deffroyed  the  two  famous  fyf- 
terns  of  the  Epigenefifts  and  the  Vermicullfts . 
The  fadfs  related  in  the  prefent  differtation 
furnifh  a new  proof,  or  rather  a demonftra- 
tion  of  their  faifhood.  Let  us  take  a fhort 
view  of  the  queftion.  Thofe  who  confider  the 
fpermatic  worms  as  the  immediate  authors  of 
generation,  muff  of  neceffity  fuppofe,  that 
they  ex  iff  in  the  feed  whenever  fecundation 
takes  place.  It  is  therefore  obvious,  that 
according  to  this  fyflem  the  feminal  fluid 
will  be  unprolific,  when  it  is  totally  defti- 
tute  of  thefe  inhabitants.  And  indeed  it-s 
advocates  admit  this.  But  it  does  not  agree 
with  fadfs.  Though  in  the  feed  of  the  ani- 
mals fo  often  mehtioned  vermiculte  may  be 
generally  obferved,  yet  in  that  of  two  toads 
they  were  entirely  wanting  ; but  it  impreg- 
nated tadpoles,  juft  as  well  as  the  feminal 
fluid  of  other  individuals,  however  well 
peopled  that  might  be  (CXXII).  In  the 
next  place,  when  the  feed  of  the  frog  or  the 
toad  is  mixed  in  equal  quantity  with  human 
urine  or  vinegar,  the  worms  are  all  deftroyed. 

The 
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The  feed,  however,  as  I obferved  in  the  pro- 
per place  (CXXXIV),  did  not  lofe  its  pro- 
lific power.  It  retained  this  power  when  a 
few  grains  were  mixed  with  twelve  ounces 
of  water,  and  even  with  eighteen,  though  I 
could  not  diftinguifh  a fingle  fpermatic 
worm,  fo  thinly  were  they  difperfed  through 
that  large  body  of  water.  It  ought  like- 
wife  to  be  obferved,  that  in  feed  long  kept, 
which  yet  anfwered  the  end  juft  as  well,  I 
often  found  the  worms  dead,  and  floating 
upon  the  fluid  of  the  veficles,  and  likewife 
upon  the  juice  of  the  tefticles.  Laftly,  I 
could  eafily  bathe  tadpoles  with  feminal  li- 
quor abounding  in  worms,  and  yet  prevent 
them  from  having  the  leaft  concern  in  fe- 
cundation. When  a drop  is  put  upon  the 
objedt-glafs  of  the  micro fcope,  every  part 
of  it  is  full  of  worms.  But  when  a little 
evaporation  has  taken  place,  they  begin  to 
quit  the  circumference,  and  aflemble  towards 
the  center,  as  the  animalcules  of  infufions 
ufually  do.  As  evaporation  advances,  they 
continue  to  fly  towards  the  center,  though 
many  are  caught,  and  die  in  the  dried  part 
of  the  drop.  At  this  time  I could  take  up 
with  the  point  of  a needle,  at  the  edge  of 
the  liquor,  many  drops  that  were  entirely 
without  worms.  That  I might  be  quite 
certain,  I placed  what  I took  upon  another 
objedt-glals  ; and  when  I found  that  it  was 
quite  free  from  worms,  I touched  feveral 
tadpoles,  and  found  that  they  came  to  per- 
fpdtipn.  My  long  experience  in  the  world 
of  microfcopical  animals,  whether  belonging 
to  man  or  animals,  will,  I hope,  vouch  for 
-me,  that  I was  net  deceived  in  this  delicate 

inveftigation. 
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investigation.  Thefe  fadts  prove  then  irre- 
fragably,  that  the  fyftem  of  Lewenhoeck 
and  his  followers  is  falfe. 

CL.  This  fyftem,  it  is  true,  had  been  at- 
tacked by  many  naturalifts,  among  whom 
Vallilneri,  my  illuftrious  fellow-citizen,  is 
entitled  to  particular  praife.  But  if  we  con- 
lider  their  arguments  we  fhall  find  that  they 
are  rather  alluring,  if  I may  ufe  the  expref- 
fion  of  the  great  Verulam,  than  convincing. 
Haller  alone,  the  immortal  Haller,  has,  in 
my  opinion,  produced  an  infuperable  objec- 
tion againft  the  fpermatic  worms,  confidered 
as  the  authors  of  generation..  It  is  deduced 
from  'his  celebrated  difcovery  of  the  con- 
tinuation of  the  membrane  of  the  yolk  with 
•the  inteftines  of  the  chicken.  Now  as  the 
yolk  exifted  in  the  hen  before  the  received 
the  cock,  fo  did  the  chicken  likewife  before 
fecundation.  Whence  he  drew  this  corol- 
lary, that  the  chicken  had  no  dependence 
upon  the  fpermatic  worms,  •which  pafs  from 
the  cock  to  the  hen.  This  inference,  how- 
ever juft  and  diredt  it  may  appear,  has  not 
efcaped  the  fubtie  cavils  of  fome,  who  have 
objedt^d  the  poffibilityof  an  i.nofculation  be- 
tween the  membrane  of  the  yolk,  and  the 
fpermatic  worm  coming  from  the  male, 
whence  they  derive  the  continuation  between 
that  membrane  and  the  inteftines,  obferved 
by  the  phyfiologift  of  Berne.  He,  how- 
ever, in  his  great  work,  and,  after  him,  the 
acute  Bonnet,  have  Shewn  how  unphilofo- 
phical  fuch  a fuppofition  is.  But  it  is  cer- 
tain, that  no  fuch  notion  can  be  applied  to 
my  obfervations  on  tadpoles,  both  becaule 
they  exift  before  fecundation,  and  becaule  in 

experi- 
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experiments,  in  which  artificial  fecunda- 
tion was  produced  (CXLIX),  the  fpermatic 
worms  had  no  concern. 

CLI.  This  lingular  mode  of  impregna- 
tion, equally  demonftrates  the  fai  (hood  of 
Epigenefis,  or  of  that  fyftem,  which  has 
been  raifed  from  the  dead,  protected  and  ca- 
reffed  by  Buffon  ; who,  by  means  of  his  or- 
ganic molecules , has  created  an  imaginary  or- 
ganic world,  as  his  countryman  Defcartes 
had  before  conftrudted  the  whole  mafs  of 
exigences,  both  organic  and  inorganic,  with 
his  fubtle  matter.  The  fpermatic  worms 
having  firft  ftruck  his  fenfes,  and  being 
thence  transferred  to  his  fervid  and  creative 
fancy,  loft  their  former  name  of  animals, 
and  acquired  the  new  title  of  organic  mole- 
cules. What  violence  has  been  offered  to 
nature  by  this  unintelligible  metamorphofis, 
I need  not  now  attempt  to  fhew,  having 
treated  the  fubjedt  at  length  in  my  fecond 
E/Jay  on  the  Natural  Hiftory  of  Animals  and 
Vegetables.  But  if  I admit,  for  a moment, 
the  reality  of  this  extravagant  opinion,  it 
will  follow,  that  whenever  the  feminal  li- 
quor of  animals  is  deftitute  of  worms,  it 
muft,  according  to  this  renowned  naturali!!, 
be  alfo  deftitute  of  organic  molecules.  And 
as  fecundation  and  generation  depend  upon 
the  various  combinations  ol  thefe  molecules, 
feed  that  does  not  contain  any  of  them  muft 
be  unfit  for  fuch  purpofes.  In  the  inftances 
mentioned  in  the  CXLIXth  paragraph,  the 
feed  of  frogs  and  toads  muft  therefore  have 
been  unprolific,  which  is  direiftly  repugnant 
to  fa<5L 
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CLII.  II.  The  confutation  of  thefe  fyf- 
tems  confirms  more  and  more  this  important 
truth,  that  the  young  belong  originally  to 
the  female,  while  the  male  only  fumi  dies  a 
fluid,  which  determines  them  to  allume  mo- 
tion and  life.  I would  not  indeed  aftert, 
that  thefe  little  organized  bodies  are  without 
motion  before  they  experience  the  adtion  of 
the  mafculine  liquor.  From  the  time  at 
which  the  tadpoles  in  the  ovaria  fall  under 
the  cognizance  of  the  fenfes,  till  they  are 
about  to  be  impregnated,  they  grow  con- 
fiderably,  infomuch  that  they  are  many 
times  larger  at  the  latter  than  at  the  former 
period.  Now  growth  implies  nutrition,  nu- 
trition the  circulation  of  the  fluids,  and  cir- 
culation depends  on  the  pulfation  of  the 
heart.  I therefore  conceive,  that,  previoufly 
to  the  influence  of  the  feed,  there  was  a be- 
ginning of  motion  and  life,  but  in  a degree 
exceedingly  dull  and  languid,  from  the  ex- 
treme flownefs  of  the  movement  of  the 
fluids  ; but  this  idea  occurred  to  Haller  and 
Bonnet  before  me.  Hence  tadpoles  would 
never  be  fo  rapidly  evolved,  or  atttain  that 
fen  Able  animation,  which  we  denominate 
life,  if  they  were  not  fubjedted  to  the  in- 
fluence of  the  feminal  fluid.  This  raifes 
them  from  a fiate  of  apparent  fhapelefl'nefs 
nd  immobility,  and  produces  a due  unfold- 
of  the  limbs,  and  evident  motion,  and 
dtive  life. 

But  the  feed,  in  order  to  exert  its  power 
pon  tadpoles,  mu  ft  penetrate  into  them  ; 
or  it  is  not  likely  that  it  can  produce  ani- 
ation  by  mere  impreflion  upon  the  fkin. 
re  the  paths  by  which  it  enters  perceptible 
VoL.Il.  M to 
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to  the  eye  ? I have  bellowed  much  attention 
upon  this  quellion,  and  the  repeated  in- 
flances  of  Mr.  Bonnet  have  ftill  further  en- 
gaged me  in  fo  difficult  an  enquiry.  I there- 
fore examined  fome  mucilaginous  globules 
difcharged  by  frogs,  with  a weak  micro- 
fcope.  The  mucous  cover  was  fo  tranfparent, 
that  I might  have  fuppofed  the  tadpoles  to 
be  naked,  if  I had  not  been  fure  of  the  pre- 
fence of  the  gluten.  But  I could  not  per- 
ceive any  pore  or  aperture  either  on  it  or  the 
tadpoles.  Neither  did  a glafs  of  more  highly 
magnifying  power  ffiew  any  fuch  appearance. 
I next  ftripped  the  fetufes  of  their  mucus, 
but  difcovering  nothing  in  thofe  globules 
that  were  full,  I determined  to  try  whether 
evacuating  them  would  contribute  to  the  fuc- 
cefs  of  my  enquiry.  Making,  therefore,  an  in- 
cilion  with  a ffinali  fcalpel,  I preffed  out  all 
the  femifiuid  matter  lying  within,  fo  that  no- 
thing remained  but  the  empty  fkin  or  mem- 
brane. This  was  examined  fffift  with  a weak 
and  then  with  a powerful  lens,  when  there 
appeared  an  immenfe  quantity  of  lucid  points, 
which  may  reafonably  be  fuppofed  to  be  fo 
many  pores.  I faw  the  fame  apertures  upon 
the  tadpoles  of  toads.  This  fuppofition, 
therefore,  ffiews  how  the  feminal  fluid  enters 
into  the  body  of  the  tadpole  through  innu- 
merable mouths.  The  prefence  of  thefe 
apertures  upon  every  part  of  the  ffiin,  ex- 
plains a phenomenon  before  mentioned,  why 
fecundation  takes  place  whatever  part  of  the 
globule,  whether  that  which  correfponds  to 
the  belly,  or  the  head,  or  the  tail,  be  touched 
with  feed;  for  when  this  fluid  has  traverfed 
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the  gluten,  it  is  fure  to  meet  with  paths  pre- 
pared for  its  entrance. 

CLIII.  III.  Thofe,  who  have  fuppofed 
that  the  fetufes  are  not  generated  during  the 
adt  of  fecundation,  but  that  they  pre-exift 
long  before,  and  are  contained  within  the 
female,  have  explained  their  animation,  by 
imagining,  that  the  feed  of  the  male  enters 
into  the  fetus,  and  reaches  the  heart.  By 
gently  irritating  the  cavities  of  this  organ,  it 
excites  alternate  dilatation  and  contraction, 
and  thus  the  fluids  are  forcibly  impelled  into 
their  refpedtive  veflels.  Hence  follow,  as  fo 
many  neceflary  confequences,  the  dilatation 
of  the  veflels,  an  increafe  of  the  quantity  of 
fluids,  a greater  irritability  of  the  heart,  an 
univerfal  expan fion  of  the  folids,  and  con- 
fequently  the  growth  of  the  animals  both  in 
bulk  and  mafs.  Such  is  the  dodtrine  de- 
livered among  others  by  Haller  and  Bonnet 
in  their  ufeful  productions,  and  long  before 
them  by  Vallifneri,  who  deierves  the  greater 
praife.  Ance  he  was  unacquainted  with  thefadts 
that  diredtly  prove  the  pre-exiftence  of  the 
germ,  and  was  guided  only  by  the  twilight  of 
conjedture.  When  I conlider  the  evident  pul- 
fation  of  the  heart,  which  is  previous  to  the  leaf: 
motion  in  any  of  the  limbs,  the  evolution  of 
the  veflels  and  of  the  whole  animal,  which 
is  confequent  upon  the  adtion  of  this  mufcle, 
its  irritability, — that  property,  by  virtue  of 
which  it  relumes  motion,  when  ftimulated 
by  any  mechanical  agent,  at  a time  when 
there  are  no  remains  of  irritability  in  the 
other  mufcles,  all  thefe  circumstances  induce 
me  to  adopt  the  opinion  of  thefe  writers.  I 
filali,  therefore,  with  them  conflder  the  fe- 
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minai  fluid  as  a ftimulus,  which  penetrating 
to  the  heart,  and  powerfully  irritating  the  in- 
ternal parts,  excites  more  frequent  and 
Stronger  pullations  ; whence  arife  that  mani- 
fest extenfion  of  parts,  and  that  animation 
which  ever  follow  impregnation. 

Both  thefe  effects  are  influenced  by  the 
temperature  of  the  atmofphere.  The  faga- 
cious  reader  eaiily  conjectures,  that  they 
will  fooner  take  place  in  warm  weather,  and 
later  in  cold.  Tadpoles  fecundated  early  in 
the  Spring,  as  thofe  of  the  terreftrial  toad 
with  red  eyes  and  dorfal  tubercles,  require 
Several  days  to  appear;  and  if  the  heat  Should 
be  only  a few  degrees  above  congelation,  ten 
or  eleven  are  neceflary.  On  the  contrary, 
the  evolution  of  the  tadpoles  of  the  fetid 
toad  and  of  frogs  is  very  quick,  for  they  are 
fecundated  in  May  and  June.  I once  ob- 
served, that  when  the  thermometer  Stood  at 
2i°,  they  became  animated  in  lefs  than 
twenty-four  hours  ; whereas  thofe  of  the  very 
fame  Species  (viz.  of  the  green  aquatic  frog) 
did  not  arrive  at  this  Slate  till  the  fifth  day, 
when  the  temperature  of  the  air  was  about 
1 30  ( a ).  The  lame  variation  is  obfervable  in 
the  fetufes  of  the  water-newt,  of  Scaly 
flShes,  the  tortoiSe,  the  crocodile,  and  in 
general  of  oviparous  infeCls  : and  what  is 
truly  Surprising  and  Scarce  credible,  the  dif- 
ference of  temperature  has  the  Same  effeCt 
upon  the  eggs  of  birds,  of  which  it  might 
be  imagined,  that  they  could  not  be  hatched 
but  in  a determinate  heat,  Such  as  that  of 
the  female,  which  is  about  32°  {b).  In  this 

(37)  6 if  of  F.  (A)  32:^104.  of  F. 

temperature 
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temperature  the  eggs  of  hens  are  hatched  very 
regularly  in  twenty-one  days.  _ But  by  a di- 
munition of  the  heat,  Mr.  Viilers,  a fenfible 
naturali!!:  of  Lyons,  has  retarded  the  appear- 
ance of  the  chickens  to  the  25th  • and  Mr. 
D’Arcet,  by  increafing  the  warmth,  has  hatch- 
ed them  on  the  13th  day. 

CLIV.  IV.  I have  had  occafion  to  make  a 
lingular  obfervation  upon  the  feed  of  the  frog 
and  toad,  the  proper  ftimulant  of  the  heart  of 
the  tadpole.  It  is  diftinguifhed  by  two  pro- 
perties from  the  feminal  liquor  of  other  ani- 
mals. It  is  as  transparent  as  water,  and  has 
not  the  lead  vifcidjty.  It  evaporates  nearly 
in  the  fame  time  as  water,  and  hence  would 
feem  to  have  no  fpirituous  parts  j as  is  more- 
over evident  from  its  not  taking  fire,  when, 
brought  to  the  flame  of  a candle,  and  ex- 
tinguifliing  burning  coals  when  it  is  thrown 
upon  them.  To  the  tafte  it  is  infipid,  and  as 
it  does  not  effervefce  either  with  acids  or  al- 
kalies, it  mull  be  confidered  as  neutral.  Thefe 
qualities  would  appear  to  agree  but  ill  with 
the  nature  of  a ftimulant,  if  we  underftand 
by  this  term  a pungent,  cauftic,  or  fpirituous 
fubftance,  But  this  is  not  the  fenfe  in  which 
Haller  and  his  followers  confider  thofe  bo- 
dies which  ftimulate  the  heart.  They  mean 
fuch  as  are  capable  of  irritating  the  fibres  of 
this  mufcle,  by  which  means  it  is  excited  to 
•motion,  if  at  reft,  or  if  -òtherwife  to  an  in- 
creafe  of  action.  To  this  clafs  of  ftimulants 
belong  the  blood,  water,  air,  and  the  femi- 
nal  fluid,  which  will  appear  to  be  more  pow- 
erful than  the  fluids  previoufiy  circulating  in 
the  tadpole,  if  we  confider  the  flownefs  of 
their  motion. 
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CLV.  V.  A quantity  of  feed  far  more  in  - 
confiderable  than  we  ihould  ever  have  ima- 
gined, is  fufficient  to  animate  a tadpole.  We 
have  fee n,  that  it  is  not  necefiary  to  cover  the 
fetus  compleatly  with  this  prolific  fluid.  A 
drop  will  fuffice  (CXL).  Further,  three 
grains  mixed  with  twelve,  and  even  with 
eighteen  ounces  of  water,  communicate  to 
every  part  of  it  the  power  of  fecunda- 
tion, lìnee  tadpoles  placed  in  any  part  of  the 
mixture  are  impregnated  (CXL1I,  CXLIII). 
The  three  grains  of  feed  muft  therefore  have 
been  diffufed  through  the  whole  mafs  of  wa- 
ter. But  what  an  enormous  divifion  of  its 
particles  muft  fuch  a diffufion  occafion  ? 
How  finali  a portion  of  the  prolific  liquor  will 
fall  to  the  fhare  of  each  tadpole?  Yet  there 
are  fads  which  prove,  that  the  femen  ftill  re- 
tains its  virtue  after  this  exceflive  divilion  ; 
for  I have  found  a globule  one-fiftieth  of  a 
line  in  diameter  taken  out  of  a mixture  of 
three  grains  of  feed,  with  eighteen  ounces  of 
water,  was  often  capable  of  fecundating  a 
tadpole  (CXLIV).  Defirous  of  knowing  the 
proportion  which  the  tadpole  (that  of  a frog 
is  two-thirds  of  a line  in  diameter)  bears  to 
the  particles  of  feed  diffufed  in  a drop  of  this 
dimenfion,  I have  found,  on  calculation,  that 
it  is  as  106,477,777,7  : 1 . How  infinitely  lit- 
tle, therefore,  is  the  quantity  of  feed  in 
companion  of  the  bulk  of  the  fetus  which 
it  fecundates  ! This  deduction  led  me  to 
calculate  the  weight  of  the  particles  of 
femen  difperfed  in  this  drop  of  water  : it  is 

n of  a grain.  That  I might  view 

199,468,750,0,  O o 

thefe  particles  under  every  poffible  afped,  I 
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reduced  their  bulk  to  cubic  lines,  when  it 
appeared  to  be  about  equal  to  — of  a 

cubic  line  (a). 

CLVI. 


(«)  This  note  will  (hew  how  I obtained  thefe  numbers. 
A {fuming  with  Metzius,  that  the  circumference  of  a fphere 
is  to  its  diameter  as  355:113,  the  folid  contents  of  a 

fphere  5-  of  a cubic  line  in  diameter  will  be  =—  x — 355  -- 

27  113x6 

I420  of  a cubic  line,  and  this  will  be  the  bulk  of  a tad- 
9X53 

pole  to  be  fecundated. 

The  folid  contents  of  a fphere  of  a line  in  diameter 

are  r=  — X — 21.5 — — 2^5 ? and  this  will  be 

125000  113x6  847,500,00 

the  mafs  of  the  drop  of  water  mixed  with  feed. 

The  folid  contents  of  a cylinder  which  has  37  lines 
for  the  diameter  of  its  bafis,  and  is  35  lines  high,  are 

37  x 37  * 35  x 355  . an(j  thjs  ;s  exactly  the  volume  of 
H3X4 

water  weighing  18  ounces,  in  which  three  grains  of  feed 
have  been  dropped. 

The  folid  contents  of  a cylinder  of  which  the  bafe  is 
one  line  in  diameter,  and  the  height  10  lines,  is- 

— ; and  this  is  the  volume  of  the  three 

113x4  452 

grains  of  feed. 

Now  fuppofing  that  the  feed  is  equally  diffufed  in  the 
water,  the  volume  of  water  with  the  feed,  and  the  volume 
of  the  drop  of  water  mixed  with  feed,  will  be  proportional 
to  the  weight  of  all  the  feed,  and  to  the  weight  of  the  feed 
mixed  with  the  drop  of  water.  Hence,  as  the  weight  of 
all  the  feed  is  three  grains,  it  will  appear  from  the  rule  of 
three,  that  the  weight  of  the  feed  diffufed  in  the  drop  of 

water  is  — ? of  a grain. 

299,468,750,0 

As  in  homogeneous  bodies  the  weight  is  directly  as  the 
bulk,  having  the  weight  of  the  whole  feed  and  that  of  the 
feed  mixed  with  the  drop  of  water,  we  {hall  find  by  the 

M 4 ' rule 
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CLVI.  VI.  Here  I may  be  afked,  how  a 
portion  of  femen  fo  infinitely  fmall  can  make 
fuch  an  impreftion  upon  the  heart  of  a tad- 
pole as  to  accelerate  its  pulfations  and  in- 
creafe  their  ftrength,  and  thus  to  quicken  the 
motion  of  the  fluids  and  animate  the  whole 
fyftem.  I would  reply,  that  there  are  not  want- 
ing examples  in  the  animal  kingdom  to  give 
countenance  to  fuch  a fuppofition.  A drop 
of  the  poifon  of  the  viper,  introduced  into  a 
wound,  is  fufficient  to  deftroy  the  irritability 
of  the  mufcular  and  the  fenfibility  of  the 
nervous  fyftem,  and  to  caufe  the  death  of  any 
animal,  whether  great  or  fmall.  A man,  a 
dog,  an  horfe  or  an  ox,  are  deftroyed  juft  as 
certainly  as  a fparrow,  a goldfinch,  or  a moufe. 
If  we  confider  for  a moment,  the  proportion 
between  the  bulk  of  the  venom  and  that  of 
an  horfe  or  ox,  we  {hall  not  be  lefs  furprized, 
that  fo  fmall  a quantity  of  poifon  fhould  be 
fatal  to  thefe  great  animals,  than  that  lo  mi- 
nute a portion  of  feed  fhould  animate  one  in- 
finitely final ler  [b).  But  we  have  fadts  that 

more 


rule  of  three,  that  the  bulk  of  the  feed  contained  in  the  vo- 


lume of  water  is  nearly 


of  a cubic  line. 


300,212,042,0 
If  we  now  compare  the  hulk  of  the  tadpole  with  that  of 
the  feed  contained  ip  the  d*'pp  water,  it  will  appear  to 

fee  as  10,6,477,777,7:  1.  , , , . 

(b)  I cannot  but  remark,  that  the  author  has  been 
fomewhat  unfortunate  in  the  example  which  he  has  cholen 
for  the  purpoie  of  illuftration.  fontana  has  proved,  by 
numerous  experiments,  that  the  effedts  of  thè  venom  of 
the  viper  are  diredtly  as  its  quantity,  and  inversely  as  the 
bulk  of  the  poifoned  animal.  I his  is  very  {h  iking  in  his 
trials  on  dogs,  of  which  the  fma^ler  fpccies  were  always 
deftroyed  by  the  fame  quantity  that  fometimes  killed  the 
■ * middle- 
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more  dircftly  prove,  how  very  Email  a quan- 
tity of  feed  may  produce  a considerable  irri- 
tation of  the  heart.  A grain  of  Storax  thrown 
upon  the  fire  will  fill  a whole  room  with  its 
odour.  The  particles  therefore  muff  be  dil- 
perfed  through  every  part  of  it,  and  notwith- 
standing their  extreme  minutenefs,  are  capa- 
ble of  vellicating  the  nerves  of  the  nofe,  and 
exciting  the  idea  of  a particular  fmell.  This 
veilication  is  fo  Strong,  as  to  occafion  Sneezing^ 
in  fome  perfons  of  the  more  delicate  fex.  If 
then  the  inconceivably  minute  exhalations  of 
certain  bodies  make  fuch  impreffions  upon 
our  organs,  why  lhould  we  wonder  that  a 
few  particles  of  feed  prove  a Strong  Stimulus 
to  the  heart  of  the  tadpole,  an  organ  fo  much 
more  fufceptible  of  external  impreffions,  as 
it  is  more  finely  framed  than  ours  ? 

CL  VII.  VII.  But  the  quantity  of  feed  re- 
quisite for  the  animation  of  a tadpole  has  its 
limits;  it  is  not  infinitely  finali.  I have  ex- 
prefsly  obferved,  that  the  quantity  above  Spe- 
cified, was  frequently  Sufficient  for  the  pur- 
pofe  (CXLIV,  CLV).  Whence  it  is  to  be 
inferred,  that  it  Sometimes  failed.  .The  di- 
minution of  the  dofe  of  Seed  afforded  a more 
decifive  proof.  I put  a drop  of  this  fluid 
upon  a Smooth  pane  of  glafs,  and  drew  it  out 
with  the  point  of  a needle,  into  a fine  and 
almoft  invifible  filament,  Sometimes  an  inch 
long.  I then  took  Several  mucous  Spheres 
and  rolled  them  Sometimes  along  half,  fome- 

middlc-fizcd,  and  fcarce  ever  the  large  ones.  From  the 
data  aflorded  hy  his  experiments  he  calculates,  that  the 
poifon  of  feveral  vipers  is  requifite  to  deftroy  the  life  of  a 
man,  and  a kill  larger  quantity  to  kill  an  ox.  T. 

times 
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times  along  a third,  at  others  along  a quar- 
ter of  this  filament.  This  experiment  is. 
analogous  to  another  related  in  paragraph 
CXL1II,  where  I obferve,  that  if  three  grains 
of  feed  be  diluted  in  two  or  three  pounds  of 
water  inftead  of  a pound  and  a half,  fewer 
tadpoles _ will  be  evolved,  and  that  the  num- 
ber continues  to  decreafein  proportion  to  the 
increafe  of  the  quantity  of  water.  The  por- 
tion of  feed  then  necefiary  to  produce  fecun- 
dation, muff  amount  to  a determinate  quan- 
tity. 

I am  notwithstanding  of  opinion,  that  the 
quantity  of  feed  which  effeds  impregnation 
is  finali  beyond  conception,  and  nearly  ap- 
proaching to  what  is  fpecified  in  the  CLVth 
paragraph.  Hence  I am  inclined  to  believe, 
that  the  furplus  does  not  contribute  at  all  to 
fecundation.  My  opinion  is  founded  upon 
the  following  confiderations.  As  fecunda- 
tion is  an  indivifible  operation,  if  the  fuper- 
abundance  contribute  to  promote  it,  it  can 
only  be  by  haftening  the  animation  and 
growth  of  the  tadpoles.  This  mu  ft  be  in 
confequence  of  a greater  number  of  particles 
exciting  the  heart  to  ftronger  vibrations. 
But  fuch  a notion  is  repugnant  to  fads  ; there 
is  no  difference  either  in  the  time  or  the  de- 
gree of  evolution,  whether  the  fetufes  be  en- 
tirely covered  with  pure  feed,  or  only  touched 
with  an  infinitely  finali  drop  (CLXIV).  I 
cannot  therefore  imagine,  what  purpofe  the 
furplus  of  feed  can  ferve,  and  am  obliged  to 
confider  it  as  ufelefs.  Nor  is  it  difficult  to 
comprehend,  how  an  invifible  particle  only 
may  be  capable  of  producing  fecundation,  it 
it  be  confidered  how  inexpreffibly  finali  is 
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the  area  of  the  veffels  which  it  enters,  for 
canals  fo  narrow  mull  refufe  to  admit  above 
a very  minute  portion. 

CLVIII.  VIII.  But  a very  obvious  ques- 
tion occurs  here.  As  thefe  amphibious  ani- 
mals are  animated  by  fuch  a trifling  quantity 
of  feed,  may  this  difcovery  be  extended  to 
fifties,  birds,  quadrupeds  and  man  ? Or  may 
it  be  afferted  in  terms  Etili  more  comprehen- 
iive,  that  nature  employs  only  fo  inconfide- 
rable  a portion  of  feed  for  the  fecundation  of 
animals  in  general  ? The  queftion  is  curious 
and  interefting,  but  cannot  I think  yet  be 
lolved  for  want  of  data.  I am  aware,  that 
this  opinion  is  poffible,  nay,  that  the  ftriking 
inftance  before  us  renders  it  in  fome  meafure 
probable.  I cannot,  however,  be  certain,  that 
it  is  really  fo,  when  I refledt  upon  the  multi- 
plicity of  means  employed  by  Nature  to  attain 
the  fame  end.  Perhaps,  therefore,  this  fo- 
vereign  Artift  may  allot  various  quantities  of 
feed  for  fecundation,  according  to  various 
qualities  of  animals.  But  in  order  to  difco- 
ver  whether  die  really  admits  fuch  variety,  I 
can  imagine  no  other  way  than  that  of  com- 
parifon.  Let  us,  for  inftance,  compare  what 
happens  in  the  amphibious  animals  which  are 
the  fubjedtof  thefe  Differtations,  with  what 
takes  place  in  other  claffes,  as  in  fifties,  in- 
fedts,  birds  and  quadrupeds.  The  know- 
ledge derived  from  fuch  different  inftances, 
may  enable  us  to  fix  our  ideas  with  fome  de- 
gree of  fafety.  We  have,  I believe,  but  two 
difcoveries  on  artificial  fecundation,  that  of 
Mr.  Jacobi,  inferted  Berlin  Memoirs  (a), 

(a)  Tom.  20. 
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and  mine.  But  without  any  defign  to  leffcn 
the  merit  of  that  natural iff,  I may  be  allowed 
to  fay,  that  from  his  experiments  we  can 
only  conclude,  that  artificial  fecundation  took 
place  in  the  two  fpecies  of  fifin  of  which  he 
ipeaks.  Thefe  were  the  falmon  and  trout. 
After  putting  their  mature,  but  unimpreg- 
nated eggs  in  clear  water,  he  let  fall  upon 
them  feed  from  the  milt  of  the  male,  till  the 
■water  began  to  grow  white.  In  about  five 
weeks  the  young  fifhes  made  their  appear- 
ance. This  is  the  amount  of  the  whole  pa- 
per of  Mr.  Jacobi.  It  affords  no  information 
concerning  the  prefent  queftion,  fince  the 
German  experimenter  has  not  afcertained, 
with  any  degree  of  precifion,  the  quantity  of 
feed  neceffary  to  produce  fecundation.  In- 
ftead  of  doing  this,  he  has  flopped  at  the  firff 
ftep,and  has  finifhed  his  trials  juft  where  an  in- 
quifitive  naturalift  would  have  begun  them. 

But  if  experiments  on  artificial  fecundation 
are  not  yet  fufficiently  numerous  to  afford  the 
neceffary  data,  we  cannot  expert  them  from 
natural  impregnation.  A fmall  fhare  of  in- 
formation concerning  the  generation  of  man 
and  animals  will  convince  us  of  this  truth. 
It  remains,  therefore,  that  w^e  proibente  the 
experiments  upon  artificial  fecundation  in  a 
rational  manner.  Befides  the  light  which  a 
feriés  of  well-devifed  trials  would  calf  upon 
the  problem  propofed,  it  would  certainly 
clear  up  many  obfeurities  in  the  hiftory  of 
animals.  My  enquiries  relate  to  an  order  of 
beings,  in  which  we  are  certain  that  fecun- 
dation is  external.  But  I invite  naturalifts 
to  beftow  part  of  their  attention  and  fagacity 
upon  that  incomparably  more  numerous  clafs, 
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in  which  it  is  equally  certain,  that  this 
function  is  performed  within  them.  Of 
thefe,  fome,  as  is  wrell  known,  are  ovipa- 
rous, others  viviparous.  It  will  be  proper 
to  keep  fome  females  apart  from  the  males, 
and  to  obferve  the  time  at  which  they  lay 
their  eggs.  We  may  then  make  upon  the 
eggs  fuch  experiments  as  are  defcribed  in 
this  Diflfertation.  I do  not  think  it  will  be 
difficult  to  adapt  them  to  viviparous  animals. 
If  we  ufe  different  means,  and  fuch  as  will 
aCt  internally,  nor  do  I fee  any  reafon  to  de- 
fpairof  fuccefs.  Attempts,  apparently  more 
arduous,  have  not  difappointed  the  hopes  of 
the  adventurous  enquirer,  and  fuch  unex- 
pected inftances  of  fuccefs  have  occafioned 
revolutions  in  natural  philofophy. 

CLIX.  IX.  The  feed,  agreeably  to  the 
principles  of  Mr.  Bonnet,  is  not  only  the  Hi- 
mulant,  but  the  nutriment  of  the  fetus. 
The  proofs  of  his  opinion  are  thefe.  The 
organ  of  the  voice  in  that  mule,  which  is  the 
produCt  of  the  mare  impregnated  by  the  afs, 
very  clofely  refembles  that  of  the  male  parent. 
If  the  germ  exift  in  the  female  before  im- 
pregnation, it  mufl  have  been  a horfe  in  mi- 
niature, and  not  a mule  or  an  afs  ; the  organ 
therefore  of  the  voice  ought  to  correfpond  to 
that  of  the  horfe  and  not  of  the  afs.  The 
feed  muft  then  have  modified  the  organ  of  the 
voice  in  the  germ  according  to  that  of  the 
male  parent.  In  conformity  with  this  model, 
the  parts  of  this  organ  grow  and  are  un- 
folded ; yet  we  know  the  afs  contributed  only 
a fluid.  It  is  therefore  neceffary  to  admit, 
that  this  fluid  nourifhes  the  component  parts’ 
of  the  larynx,  and  that  it  is  incorporated 

with 
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with  their  fubftance>  fince  growth  is  the 
natural  and  immediate  effecft  of  nutrition. 
The  fperm  then  is  not  a fimple  ftimulant, 
it  is  moreover  a nutritive  liquor.  The  na- 
turalift  of  Geneva  ftrengthens  his  deduction 
by  the  inftances  of  the  growth  of  the  beard 
in  man,  of  the  creft  of  the  cock,  and  the 
horns  of  the  flag,  which  are  certainly  owing 
to  the  efficacy  of  the  feed. 

Haller,  in  his  great  work,  agrees  only  in 
part  with  the  before-mentioned  philofopher. 
He  allows  that  thefe  phenomena  depend 
upon  the  feed,  not  indeed  as  a nutritive  li- 
quor, but  as  an  impelling  or  Emulative 

Srinciple.  The  evolution  of  the  hair,  the 
orns,  and  the  creft,  is  owing  to  the  fperm, 
which,  being  received  again  into  the  blood, 
excites  the  heart,  by  its  alcalefcent  acri- 
mony, to  attenuate  by  ftronger  pulfations 
the  vifcid  juices,  and  to  impel  them  into 
the  fmall  veftels,  by  which  means  the  pre- 
exifting  germs  of  the  hair  and  the  horns 
pullulate,  and  the  creft  grows  to  a larger 
fize  ( a ).  With  regard  to  the  organ  of  the 
voice  in  the  mule,  its  evolution  arifes  from 
the  greater  power  in  the  feed  of  the  afs  than 
the  horfe,  to  unfold  and  enlarge  the  parts  (b). 
It  appears,  therefore,  that  according  to  the 
Swifs  phyfiologift,  a ftimulating  quality 
alone  is  fufficient,  not  only  for  the  anima- 
tion of  the  fetus,  but  alfo  to  explain  thole 
phenomena,  which,  according  to  Mr.  Bon- 
net, require,  that  the  feed  fhould  be  con-^ 
fidered  as  nutritive.  I filali  not  prefume  to 
decide  between  thefe  great  philosophers,  I 

[a)  El.  Phyf.  1.  xxvii.  Seft.  3.  (b)  L.  c.  lib.  xxix. 
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venerate  their  merits,  and  am  better  qualified 
to  admire  than  to  judge  them.  I will  only 
obferve,  with  the  utmoft  deference,  that  in 
the  frog  and  toad  the  prolific  fluid  cannot  be 
luppofed  with  any  probability  to  perform  the 
office  of  a nutritive  principle.  I intreat  the 
reader  to  call  to  mind  what  is  faid  in  para- 
graph CLV,  about  the  proportion  between 
the  bulk  of  the  feed  and  that  of  the  tadpole  i 
it  is  nearly  as  i : 106  4777777*  Suppofing, 
therefore,  the  tadpole  to  be  nourished  by  the 
feminal  fluid,  its  growth  would  not  exceed 
the  bulk  of  the  feed,  that  is  to  fay,  it  would 
be  next  to  none.  It  may  be  added,  that  if 
the  nutrition  of  the  tadpole,  at  the  com- 
mencement of  evolution,  came  from  the  feed, 
thofe  which  were  bedewed  with  the  greatefl 
quantity  of  this  fluid,  ought  to  grow  fafteft 
and  be  evolved  foonefl.  Yet  we  know,  that  a 
tadpole  touched  with  the  moft  inconfiderable 
drop,  and  one  covered  completely  with  this 
fluid,  do  not  differ  in  this  refpeCt  (CXLIV). 
I therefore,  from  my  experiments,  cannot 
affign  to  the  feminal  liquor  any  other  quality, 
befides  that  of  a ftimulant. 

Though  the  preceding  obfervations  afford 
the  firongeft  reafons  for  believing,  that  the 
feed  is  a real  ftimulus  to  the  heart  of  the  tad- 
pole; yet,  as  this  is  a mere  hypothetical 
opinion,  I was  defirous  of  fubmitting  it  to 
the  teft  of  experiment.  Reflecting,  that  the 
ftimulating  power  of  any  lubftance  muft  be 
enhanced  by  increafing  the  activity  of  its  parts, 
and  that  this  end  may  be  attained  by  heat, 
I determined  to  warm  the  feminal  fluid,  and 
then  to  to  moiften  fome  tadpoles  with  it. 
With  this  view  I mixed  three  grains  of  the 

feed 


r76  DISSERTATION  II. 

feed  of  the  frog  with  half  an  ounce  of  water, 
and  having  heated  it  to  30°  ( a ),  I immerfed 
twenty  tadpoles  in  it,  and  immediately  after- 
wards removed  them  into  pure  water,  in 
which  the  thermometer  flood  at  iy°.  That 
I might  have  a term  a comparifon,  I fecun- 
dated other  twenty  tadpoles  with  the  fame 
mixture,  after  it  had  acquired  the  tempera- 
ture of  the  atmofphere.  The  device  was  not 
ineffectual.  The  tadpoles  fecundated  in  the 
heated  mixture,  were  ten  hours  more  for- 
ward than  the  others,  a phenomenon  which 
I cannot  but  attribute  to  the  greater  energy 
and  flronger  Simulating  power  arifing  from 
the  adtion  of  heat. 

CLX.  X.  The  Simulating  power,  which 
animates  the  embryo,  is  not  loft,  though  the 
feed  fhould  have  been  kept  fome  time  after  it 
has  been  taken  out  of  the  body.  This  hap- 
pens alike,  whether  it  be  kept  unadulterated  or 
mixed  with  other  liquors  (CXXXI,  CXLV). 
It  is  truly  wonderful  that  a fingle  drop  fhould 
hot  be  loft,  when  mixed  with  fo  large  a body 
of  water  (CXLII,  CXLIII).  Will  the  feminal 
liquor  of  other  animals  preferve  in  like  manner 
its  efficacy  ? For  want  of  faffs  we  mufthave  re- 
courfe  to  conjeffure.  The  prefen t inftance  may 
be  an  exception  to  a general  rule  and  confined 
to  a particular  clafs,  in  which  fecundation  is 
external  and  takes  place  in  water,  and  on  this 
account  the  feed  is  expofed  to  circumftances, 
never  experienced  by  that  of  other  animals. 
But,  on  the  other  hand,  it  is  poffible  that 
thofe  properties  may  belong  to  other  fe- 
minal fluids.  In  my  fecondi  EJJay  on  the  Na- 
ia) 3o0=ro9ij  and  17  = 70!  of  F. 
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turai  Hiftory  of  Animals  and  Vegetables  I ob- 
ferve,  that  tne  feed  of  man,  and  various 
quadrupeds,  does  not  become  corrupt  for 
leverai  hours  after  it  has  been  taken  from  its 
natural  receptacles.  I confirm  this  obferva- 
tion  by  Ihewing,  that  the  worms  continue 
to  fwim  about  brilkly  for  forne  time,  pro- 
vided it  is  kept  properly  heated.  If,  there- 
fore, the  feed  or  man  and  quadrupeds  pre- 
fer ve  its  natural  qualities  under  thefe  circum- 
fbinces,  why  may  it  npt  alfo  retain  its  fti- 
mulating  power,  which  is  the  caufe  of  fe- 
cundation ? And  if  fo,  is  the  famous  ftory 
of  Averroes,  concerning  that  unfortunate 
queen,  who  became  pregnant  after  bathing, 
without  any  commerce  with  man,  fo  very 
ridiculous  ? 


CHAP.  V. 

WHETHER  FECUNDATION  IS  AN  EFFECT 
OF  THE  AURA  SEMIN  ALIS.  WHETHER 
OTHER  LIQUORS  ARE  CAPABLE  OF  PRO- 
DUCING FECUNDATION.  TRIALS  TO 
PROCURE  ARTIFICIAL  MULES  IN  THE 
AMPHIBIOUS  ANIMALS  IN  QUESTION. 
ARTIFICIAL  FECUNDATION  OF  THE 
SILK-WORM.  ATTEMPT  TO  IMPREG- 
NATE A BITCH  ARTIFICIALLY. 

• 

CLXI.TTrH ETHER  the  grofs  vifible 
YV  part  of  the  feed  be  neceflary  to 
the  fecundation  of  man  and  animals,  or, 
whether  the  invifible  attenuated  part,  ufually 
Vo  Li  II.  N called 
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called  the  feminal  vapour  or  aura , be  deftined 
to  this  purpofe,  is  a very  ancient  queftion, 
and  Hill  continues  to  be  debated  every  day. 
Thofe  phyficians  and  philofophers  who  fa- 
vour the  latter  opinion,  are  obliged  to  main- 
tain it  from  a fort  of  apparent  neccffity,  ra- 
ther than  by  any  direct  reafons  or  experi- 
ments. They  reiledt  upon  obfervations  made 
by  diligent  anatomies,  who  have  found  the 
vagina  of  fome  pregnant  women  either  very 
narrow  or  entirely  clofed.  They  attend  alfo 
to  other  numerous  obfervations,  from  which 
it  would  appear,  that  at  the  time  of  impreg- 
nation, the  feed  does  not  reach  the  uterus. 
Laftly  they  refledt,  that  the  orifice  of  the 
ovidudts,  or  Fallopian  tubes,  is  fo  narrow, 
that  it  will  fcarce  admit  air,  much  lefs  a 
probe.  They  conclude,  that  fo  many  ob- 
ftacles  muft  prevent  the  feed  injedted  into  the 
female  organs  from  arriving  at  the  ovarium, 
where  the  embryos  are  lodged.  Hence  it  is 
fuppofed,  that  fecundation  muft  be  effedted  by 
the  volatile  part  of  that  liquor,  which  either 
reaches  the  ovarium  by  the  way  of  circula- 
tion, or  by  fifing  through  the  mouth  of  the 
Uterus  and  along  the  tubes.  Notwithftand- 
ing  thefe  arguments,  many  other  authors 
adopt  the  oppofite  opinion  ; they  think,  that 
the  grofs  part  of  the  feed  operates  impreg- 
nation, finee  the  narrow  paflages  are  enlarged 
during  the  ardour  of  enjoyment,  and  fince 
there  are  not  wanting  infiances  where  feed 
has  been  found  in  the  uterus,  in  the  tubes,  and 
even  to  have  alcenqcd  as  high  as  the  ovaria. 
That  the  uterus  fhould  often,  after  coition, 
be  found  without  the  fluid  of  the  male,  they 
eonfider  as  an  obj  edition  of  no  weight,  bc- 
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caule  the  obfervation  was  probably  made 
after  too  long  an  interval,  when  the  feminal 
liquor  had  palled  out  of  this  cavity,  or  be- 
caufe  fo  fmall  a quantity  had  entered  into  it 
as  to  efcape  the  notice  of  the  infpedtor. 

Such  nearly  are  the  arguments  on  each  fide, 
but  they  are,  in  my  opinion,  infufficient  to 
decide  the  difpute  ; the  former,  becaufe  they 
do  not  irrefragably  prove,  that  the  volatile 
vapour  alone  reaches  the  ovaria  ; the  latter, 
becaufe  though  the  grofs  part  fhould  arrive 
there,  it  hill  remains  doubtful  whether  the 
animation  of  the  embryo  is  effected  by  this, 
or  the  attenuated  part.  To  cut  Ihort  all  con- 
troverfy,  it  will  be  necelfary  to  feparate  the 
aura,  and  to  fubjedt  the  fetus  to  its  influence, 
for  it  will  either  be  impregnated,  a manifelf 
proof  in  favour  of  the  feminal  exhalations, 
or  it  will  not,  and  then  we  may  conclude, 
with  equal  certainty,  that  the  fenfible  part  is 
necelfary  to  fecundation.  But  this  mode  of 
deciding  the  quelHon  has  not,  I believe,  oc- 
curred to  any  one,  cr  at  lead:  I do  not  know 
that  any  one  has  reduced  it  to  practice.  But 
from  the  facility  of  making  experiments  with 
the  feed  of  the  animals  concerning  which  f 
have  been  treating,  this  appeared  eafy  to  be 
done. 

CLXII.  The  reader  will  recoiled  what  has 
been  before  faid  of  the  efficacy  of  feed,  after  it 
has  been  alinoli:  infinitely  divided.  A drop  of 
water,  one-fiftieth  of  a line  in  diameter,  taken 
from  eighteen  ounces  of  water,  with  which 
three  grains  of  feed  are  mixed,  is  capable  of 
impregnating  a tadpole  (CXLIV) . This  ex- 
periment is  apparently  favourable  to  the  fe- 
ininal  aura,  which,  in  the  general  opinion, 
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is  nothing  but  the  vapour  of  the  feed  exceed- 
ingly rarefied.  The  fadts,  however,  which 
I fhall  adduce,  clearly  prove  the  contrary. 
That  I might  irrorate  tadpoles  abundantly 
with  this  exhalation,  I put  a quantity  of  feed, 
amounting  to  eleven  grains,  taken  from  leve- 
rai fetid  toads,  into  a watch-glafs.  In  another, 
fomewhat  fmaller,  I placed  twenty-fix  tad- 
poles, which  were  fixed  very  firmly  to  the 
bottom  by  the  tenacity  of  the  gluten.  I then 
inverted  it  over  the  other,  and  in  this  fitua- 
tion  both  glafles  were  left  five  hours  in  my 
apartment,  where  the  liquor  of  the  thermome- 
ter flood  at  1 8°.  The  femen  lay  exadtly  under 
the  tadpoles,  and  they  could  not  but  be  in- 
volved in  the  rifing  vapours,  for  the  diftance 
was  little  more  than  a line.  Upon  infpedting 
the  tadpoles  at  the  expiration  of  the  fifth 
hour,  I found  them  fo  covered  with  moiflure, 
as  to  wet  my  finger  when  I touched  them  ; 
the  moiflure  was  the  evaporated  part  of  the 
feed,  which  had  loft  one  grain  and  half.  The 
tadpoles,  therefore,  had  been  bedewed  with 
one  grain  and  half  of  the  feminal  aura,  for 
it  cannot  be  fuppoled  to  have  efcaped  out  of 
the  glafles,  they  fitted  fo  clofely.  The  tad- 
poles, notwithflanding,  being  placed  imme- 
diately in  water,  and  left  there  leverai  days, 
all  perifhed. 

CLXIII.  Though  this  experiment  is  un- 
favourable to  the  aura,  yet  it  flood  alone,  and 
I could  not  avoid  further  enquiry.  One  grain 
and  half  ought  indeed  to  fecundate  many 
thoufands,  much  more  twenty-fix.  I how- 
ever chofe  to  increafe  the  quantity  of  vapour, 
which  could  be  done  by  only  increafing  the 
heat.  Placing  every  thing  exactly  as  in  the 
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former  experiment,  I fet  the  glafles  in  the 
window,  where  the  heat  of  the  fun,  being 
moderated  by  theglafs  through  which  itfhone, 
amounted  to  250,  and  could  not  therefore  be 
prejudicial  to  fecundation.  In  four  hours  the 
fpheres  were  fo  covered  by  the  vapour,  that 
drops  were  feen  hanging  from  them.  But 
the  effedt  produced  was  the  fame  as  before. 

I repeated  this  experiment  once  more,  not 
fo  much  with  a view  of  confirming  the  for- 
mer refill ts,  as  to  fee  whether  the  feed,  after 
part  had  been  refolved  into  vapour,  retained 
its  efficacy.  After  the  tadpoles  were  moiflen-  ' 
ed  with  the  exhalation,  half  of  them  were 
put,  as  before,  into  water,  all  which  came 
to  nothing.  The  other  half  were  bedewed 
with  a little  of  the  refiduum,  and  then  put 
into  water  : they  almofl  all  came  to  perfec- 
tion. Thefe  experiments  fhew,  that  the  va- 
pour of  the  feed  of  the  fetid  toad  is  incapable 
of  impregnating  the  young,  and  that  the  feed, 
after  a confiderable  evaporation  has  taken 
place,  is  itili  efficacious. 

CLXIV.  Both  thefe  confequences  were 
confirmed  by  fubfequent  experiments.  The 
fpace  between  the  tadpoles  and  the  lperm  was 
about  a line  : that  the  vapour  might  be  more 
efficacious,  I reduced  it  to  one-third  of  a line  $ 
but  if  ill  to  no  purpofe. 

I have  already  obferved,  that  by  the  aura 
feminalis  the  vapour  of  the  feed  is  generally 
underflood.  Some  phyfiologiffs  think,  that 
this  exhalation  confifls  of  the  odoriferous  par- 
ticles of  that  fluid;  others  that  it  is  the  moff 
attenuated  part,  and  others,  again  that  it  is  a 
very  fubtle  fpirit.  Whatever  it  be,  it  is  cer- 
tainly incapable  of  producing  fecundation. 

N 3 Vet 


182 


DISSERT  A T I O N II. 


Yet  as  fo  fubtle  a fpirit  might  be  thought  to 
efcape  at  the  meeting  of  the  glares,  I deter- 
mined to  obviate  this  fufpicion  by  cementing 
the  edge  of  the  upper  glafs  to  the  infide  of 
the  other.  I moreover  fubftituted  a little 
glafs-funnel  in  the  room  of  the  upper  watch- 
glafs,  and  cemented  it  as  before  ; the  fmaller 
orifice  was  hermetically  fealed.  The  tadpoles 
were  faftened  to  the  neck,  and  the/urface  of 
the  feed  was  enlarged  that  evaporation  might 
be  quicker.  I thought  that  the  conical  form 
of  the  funnel  would  coiled:  the  aura  into  the 
point  where  the  tadpoles  lay.  This  new  ap- 
paratus was  kept  fix  hours  in  a heat  of  26°, 
and  the  fetufes  were  furrounded  continually 
by  the  vapour,  but  the  event  was  hill  the 
fame,  and  the  refiduum  was  alfo  efficaci- 
ous (CLXIII). 

When  I tried  the  effedis  of  the  aura  in  open 
yeffels,  where  the  air  had  free  accefs,  I found 
it  juft  as  ineifedual  as  ever. 

CLXV.  My  laft  experiment  made  with 
this  view  was  to  colled:  leverai  grains  of  the 
evaporated  fi  aid.  I then  immerfed  twelve 
tadpoles  in  it,  and  left  them  feveral  minutes. 
Twelve  more  were  touched  with  the  refi- 
duum, which  did  not  exceed  half  a grain, 
but  eleven  of  thefe  grew  to  perfedion,  but 
not  one  of  the  others. 

Thefe  various  fads  concur  to  prove,  that 
fecundation  in  the  fetid  toad  is  not  the  effed 
of  the  aura  feminalis,  but  of  the  perceptible 
part  of  the  feed.  But  my  enquiries  have  been 
extended  further  -,  the  abundance  of  the 
toad  with  red  eyes  and  dorfal  tubercles, 
and  of  the  green  aquatic  frog,  has  afforded 
me  ample  opportunities  of  repeating  upon 
2 them 
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them  the  experiments  defcribed  in  paragraphs 
CLXII,  CLXIII,  CLXIV,  CLXV.  But 
the  aura  appeared  on  ail  occahons  incapable 
of  producing  fecundation.  My  few  trials 
upon  the  tree-frog  agree  exadtly  with  the 
others. 

CLXVI.  As  I had  found  the  juice  of  the 
tefticles  equally  powerful  with  the  feed,  it 
was  proper  to  make  trial  of  its  aura.  I had 
u fed  it  with  equal  advantage,  when  pure  and 
when  diluted  with  water.  I have  evaporated 
it  under  both  thefe  circumftances  in  the  fame 
manner  as  feed  ; but  always  to  no  purpofe  : 
whence  it  was  neceftary  to  conclude,  that  this 
aura  is  juft  as  inert  as  that  of  the  feed. 

My  experiments  on  thefe  two  fpecies  of 
aura  were  made  in  the  fpring  and  fummer  of 
1777,  and  I then  gave  intimation  of  them  to 
Mr.  Bonnet,  as  may  be  feen  by  fome  extracts 
of  my  letters,  inferted  in  the  uleful  annota- 
tions on  the  third  volume  of  the  new  edition 
of  his  works.  I repeated  them  in  1780,  with 
the  fame  refult. 

Thus  then  it  appears,  that  in  two  fpecies 
of  the  toad,  and  as  many  of  the  frog,  fecun- 
dation is  not  the  effedt  of  the  aura,  but  of 
the  grofs  part  of  the  feed.  But  are  we  to 
fuppole  that  Nature  obferves  this  rule  in  ani- 
mals and  man  ? Sound  logic  does  not  allow 
us  to  deduce  from  fo  few  fadts  a conclufion 
fo  general.  But  thefe  fadts  lead  us  to  think 
the  fuppolition  probable.  It  is  at  leaf;  certain, 
that  we  may  venture  to  admit  it,  till  contrary 
fadts  ftvall  be  adduced.  And  thus  the  great 
cmeftion,  whether  fecundation  is  the  effect  of 
the  aura  feminalis,  is  clearly  decided  in  the 
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negative,  with  refpeót  to  fome  animals,  and 
with  probability  with  refpecft  to  the  reft. 

CLXVII.  I may  here  oblerve,  that  it  ap- 
pears from  this,  as  well  as  the  preceding 
chapters,  that  the  pjjrt  of  the  feed  which  is 
capable  of  eftediing  impregnation  is  not,  as 
many  fuppofe,  a fpirituous  liquor,  of  great 
volatility,  and  liable  to  lofe  its  virtue  when 
expofed  for  feme  time  to  the  air,  after  which 
there  remains  nothing  but  an  effete  matter, 
a kind  of  caput  mortuum,  as  is  incident  to 
many  liquors,  produced  both  by  art  and  na- 
ture, which,  on  this  account,  are  kept  care- 
fully fhut  up  in  velfels.  But  nothing  like 
this  happens  to  the  fern  inai  fluid,  though  it 
be  expofed  to  the  air  for  feveral  hours  ; and 
after  half  had  been  driven  off  in  vapour, 
the  remainder  was  juft  as  fit  for  fecundation 
as  that  which  had  been  recently  taken  from 
the  vehicles.  The  prolific  liquor,  to  which 
thefe  obfervations  are  applicable,  may  be 
compared  in  fome  meafure  to  water.  Whether 
this  element  evaporates,  either  from  agitation 
of  the  air,  or  theadlion  of  heat,  therefiduum 
retains  the  nature  and  properties  of  the  whole 
mafs.  But  we  may,  on  the  other  hand,  re- 
mark a great  difference.  The  vapour, of  wa- 
ter, when  collected,  poffeffes  every  property 
of  water  never  fubmitted  to  this  procefs, 
whereas  the  vapour  of  feed,  though  it  may 
be  converted  into  a liquid,  does  not  retain 
its  fecundating  power.  It  mull,  therefore, 
be  fuppofed,  that  the  particles,  when  fepa- 
rated  from  the  vyhole  mafs,  acquire  fome 
bad  quality,  which  difqualifies  them  for 
occalioning  luch  an  irritation  of  the  heart  of 
the  embryo,  as  will  produce  animation  ; 
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though  the  minutenefs  of  the  particles  does 
not  allow  us  to  inveftigate  the  origin  and 
nature  of  this  bad  quality.  , 

CLXVIII.  I now  proceed  to  the  difcuffioa 
of  another  problem,  which  will  appear  both 
new  and  extraordinary.  It  was  propofed  by 
Mr.  Bonnet,  in  a letter  concerning  artificial 
fecundation.  And  although  lie  was  aware  of 
its  extravagance,  he  did  not  hefitate  to  com- 
municate it,  in  order  that  it  might  be  put  to 
trial.  I cannot  explain  his  idea  better,  than 
by  laying  before  the  reader  an  extraCfc  from 
his  letter  of  the  15th  of  Auguft,  1778.  “ I 

will  not  conceal  from  you  a vifion  that  has 
found  its  way  into  my  head.  Mr.  Senebier 
muft  have  informed  you  cf  the  fine  experi- 
ment of  Mr.  Achard,  who  has  fubftituted 
electricity,  in  the  room  of  heat,  for  hatching 
chickens,  and  has  fucceeded  at  leaft  in  part. 
If  the  eleCtrical  fluid  be  capable  of  cauling 
the  evolution  of  the  chicken  in  the  egg,  it 
muft  be  owing  to  an  acceleration  of  the  velo- 
city of  the  fluids,  or,  what  amounts  to  the 
fame  thing,  to  an  increafe  of  the  irritability 
of  the  heart.  Now  I think  I have  given 
ample  proof,  that  the  feminal  liquor  fecun- 
dates the  germ,  by  exciting  the  irritability  of 
the  heart.  I could  with  then,  my  dear  Mal- 
pighi, that  you  would  fubftitute  the  eleCtrical 
fluid  in  the  head  of  the  femen.  Should  an 
experiment  fo  original  fucceed,  the  fecunda- 
tion would  be  far  more  artificial  than  that 
which  you  have  fo  happily  effected.  You 
may  well  imagine  that  1 will  not  anfwer  for 
your  fuccefs  : it  is  probable,  that  the  eleCtrical 
fluid  cannot  perform  the  office  of  the  feminal 
liquor  -,  but  we  have  feen  fo  many  unexpected 
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events  happen  in  the  organized  kingdom,  that 
we  cannot  pronounce  with  too  much  caution 
concerning  the  impoffibility  of  any  experi- 
ment, more  efp'ecially  of  fuch  as  relate  to 
this  fubjeCt. — Should  we  have  fufpeCted,  that 
the  polype  polle  lies'  fuch  lurprizing  proper- 
ties ? And  after  the  difeovery  of  the  polype, 
who  Would  have  fufpeCted  the  reproduction 
of  the  head  of  the  lhail  ?” 

Sudi  were  the  expreffions  of  this  profound 
contemplato!-  of  Nature.  But  various  occu- 
pations of  another  nature  having  prevented 
.me  from  continuing  my  obfervations  on  arti- 
ficial fecundation,  it  was  not  in  my  power  to 
attempt  this  ftrange  experiment,  till  the  dim- 
mer of  the  prefent  year  (1780).  To  confefs 
the  truth,  I doubted  exceedingly  of  its  fuc- 
eefs,  not  fo  much  for  the  reafons  adduced  by 
ihy  celebrated  friend,  as  on  account  of  the 
ftriking  difference  between  Mr.  Achard’s 
eggs,  which  had  received  the  influence  of 
the  male  beforehand,  and  the  tadpoles  which 
had  not  been  fubjeCted  to  it. 

Having  placed  upon  the  conductor  a me- 
tallic veffel,  containing  feveral  fetufes  both 
of  the  frog  and  toad,  I excited  the  cylinder, 
and  limply  electrified  them  without  fparks  or 
fhocks.  In  the  firft  trial,  the  tadpoles  were 
electrified  three  hours  a day  for  two  days  fuc- 
cefiively.  As  thefc  became  all  putrid,  I con- 
tinued the  procefs  in  another  experiment  for 
four  hours  on  three  fucceffive  days,  but  with 
no  greater  fuecefs.  I then  electrified  nine 
tadpoles  for  thirty- three  hours  in  the  fpace 
of  two  days  and  a half,  but  the  event  was  Itili 
the  fame. 
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Inftead  of  placing  the  tadpoles  in  the  fit  na- 
tion already  defcribed,  I fixed  them  to  the 
point  of  a metallic  rod  arifing  from  the  con- 
ductor, knowing  that  the  eleCtrical  fluid  would 
now  be  more  concentrated  and  energetic. 
But  I was  not  more  fuccefsful,  though  they 
were  electrified  nineteen  hours  in  two  days. 
All  thefe  experiments  were  made  in  hot 
weather,  and  the  tadpoles  fhewed  figns  of 
decompofition  in  three  days. 

At  the  fame  time  I eleCirified  other  im- 
pregnated tadpoles  : they  grew  falter  than 
thofe  which  were  not  electrified,  an  event 
that  exaCtly  correfponds  with  the  accelera- 
tion of  vegetation,  occasioned  by  the  eleCtric 
fluid.  From  thefe  experiments  we  may  con- 
clude, that  eleCtricity  increafes  the  velocity 
of  circulation  in  fecundated  tadpoles,  but  not 
in  the  unimpregnated,  probably  becaufe  its 
aCtion  is  not  fo  mild  and  gentle  as  is  neceflary 
at  this  early  period,  and  as  that  of  the  femi- 
nal  liquor. 

CLXIX.  Before  Mr.  Bonnet  imparted  to 
me  his  ingenious  thought,  and  indeed  at  the 
time  of  my  firft  observations  concerning  ar- 
tificial fecundation,  I conceived  hopes  of 
being  one  day  the  fortunate  difcoverer  of 
fome  fluid,  equally  efficacious  with  the  fe- 
men,  though  of  a different  nature.  When 
I was  employed  about  the  impregnation  of 
. the  toad  with  red  eyes  and  dorfal  tubercles, 
and  had  difcovered  the  efficacy  of  the  feed 
taken  out  of  the  vehicles,  I was  ftruck,  I 
know  not  how,  by  the  thought  of  trying 
fome  of  the  other  fluids  of  the  fame  animal. 
I therefore  moiffened  fome  tadpoles  with 
blood,  others  with  gall,  others  with  juice 
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exprefled  from  the  different  vifcera,  as  the 
heart,  the  liver,  the  lungs  ; they  were  put 
into  feparate  veffels,  and  fome  of  thofe  that 
had  been  touched  with  blood  and  the  juice  of 
the  heart,  came  to  perfection.  The  furprize, 
which  an  event  fo  unexpected  occafioned, 
may  be  eafily  conceived  ; but  it  may  likewife 
be  fuppofed  that  I fhould  repeat  this  experi- 
ment. But  the  refult  was  now  very  different  ; 
not  a tadpole  was  evolved.  The  fame  ill  fuc- 
cefs  attended  many  fubfequent  repetitions  ; 
and  I was  obliged  to  conclude,  that  neither 
the  blood,  nor  the  expreffed  juice  of  the 
heart,  has  any  prolific  power.  But  whence, 
I (hall  doubtlefs  be  afked,  the  fuccefs  of  the 
firfl:  experiment  ? It  arofe  from  an  inadver- 
tency which  I afterwards  eafily  detected. 
The  tadpoles  were  taken  from  an  uterus, 
which  I had  touched  with  forceps,  that  had 
been  ufed  for  taking  fome  drops  of  feed  out 
of  the  vehicles . Not  being  at  that  time  aware 
of  the  efficacy  of  an  exceedingly  minute 
quantity  of  feed,  I had  not  wiped  the  inftru- 
ment  very  carefully.  On  this  account,  it 
mult  have  left  an  imperceptible  portion  upon 
fome  of  the  tadpoles,  that  were  afterwards 
moiftened  'with  blood  and  the  juice  of  the 
heart.  This  explanation  became  more  pro- 
bable, when  I found,  that  of  tadpoles  taken 
out  of  the  uterus  with  forceps,  carelefsly 
wiped  after  they  had  been  dipped  in  feed,  a 
certain  number  was  always  impregnated; 
whereas  this  never  happened,  when  the  for- 
ceps had  not  touched  this  fluid,  or  when 
they  had  been  diligently  cleaned.  This  neg- 
ligence, and  the  detection  of  its  origin,  were 
excellent  prefervati ves  againfl  the  commiffion 
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of  like  miftakes  in  future.  They  may  alio 
ferve  as  warnings  to  thofe  who  fhall  be  de- 
firous  of  repeating  my  experiments  on  arti- 
ficial fecundation,  or  of  attempting  others  of 
the  fame  nature. 

CLXX.  Convinced  of  the  inefficacy  of 
thefe  liquors,  I laid  afide  at  that  time  all 
thoughts  of  trying  others.  My  unfuccefs- 
ful  experiments  with  the  electrical  fluid, 
renewed  the  fame  train  of  ideas  ; but  it  was  ra- 
ther left  I fhould  have  reafon  to  reproach 
myfelf  for  having  too  10011  quitted  a purfuit 
entirely  new,  than  with  the  hope  of  fuccefs, 
that  I, refumèd  thefe  experiments.  Guided 
by  the  great  principle,  that  fecundation  is 
the  confequence  of  irritating  the  heart  by 
the  feminal  liquor,  I was  led  to  try  acrid  and 
ftimulating  fluids,  fuch  as  vinegar,  diluted 
fpirit  of  wine  and  urine;  but  thele  fubftances 
haftened  the  corruption  of  the  tadpoles,  in- 
ftead  of  fecundating  them.  The  juice  of 
the  lemon  and  citron  produced  the  fame  ef- 
fects, though  their  acidity  was  weakened  by 
the  admixture  of  water.  In  the  rind  of  thefe 
fruits  there  is  a ftimulating  fpirit,  which, 
upon  fqueezing,  fpirts  out  in  little  jets,  and 
takes  fire  when  thrown  into  the  flame  of  a 
candle.  But  this  fluid,  as  well  as  many 
others,  which  I fhall  forbear  to  enumerate, 
was  totally  inefficacious. 

CLXXI.  We  learn,  both  from  ancient 
and  modern  hiftory,  that  the  feed  of  one 
fpecies  of  animal,  frequently  impregnates  the 
embryos  of  another,  when  there  is  a near  re- 
femblance  between  them.  A third  fpecies, 
ufually  denominated  mules,  is  the  fruit  of 
this  impregnation.  Thus  the  male  goldfinch 
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produces  with  the  female  Canary  bird,  an 
intermediate  fpecies  ; as  alfo  does  the  white 
peacock  with  the  common  fort;  and  the 
pheafant  with  the  hen.  Among  quadrupeds, 
the  mules,  which  are  the  offsprings  of  the 
afs  and  the  mare,  or  the  horfe  and  the  fhe- 
afs,  are  the  moil  common.  And  the  cele- 
brated Bourgelat  has  now  eftablifhed,  be- 
yond a doubt,  that  the  wolf  propagates 
with  the  bitch.  Nor  is  it  always  neceffary, 
that  the  two  fpecies  fhould  be  very  nearly 
allied.  For  wherein  confifts  the  clofe  re- 
femblance  between  the  afs  and  the  cow,  or  be- 
tween the  bull,  the  fhe-afs,  and  the; mare? 
Yet  the  recent  and  certain  obfervations  of 
the  fame  French  Naturali!!,  have  proved, 
that  the  fingular  fpecies  of  animal  called  the 
J umar t {a),  is  produced  by  the  copulation 
of  thefe  widely  differing  quadrupeds,  after 
its  exiftence  had  been  queftioned  by  modem 
writers,  and  exprefly  denied  by  Buffon  (/>). 

Thefe  inftances  led  me  to  entertain  hopes* 
that  I fhould  obtain  intermediate  productions 
by  impregnating  the  embryos  of  one  fpecies 
with  the  prolific  liquor  of  another.  In  my 
ProfpeCtus  I propofed  to  enquire,  what  would 
be  the  event  of  attempting  fuch  experiments 
on  aquatic  and  amphibious  animals,  bearing 
little  refemblance  to  each  other  (c).  If  they 
fhould  happen  to  be  fuccefsful,  it  is  obvious, 
how  much  fuch  irregular  productions  would 
contribute  to  illuflrate  the  obfcure  function 
of  generation. 

(#)  CEuvres  des  Charles  Bonnet,  Tom,.  V.  (£)  Hift. 
Nat.  Tom.  XIV.  p)  P-  53- 
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I have  profecuted  this  inquiry,  but  with 
limali  fuccefs.  Having  repeatedly  moiftened 
the  embryos  of  frogs  and  toads  with  the 
lem  inai  fluid  of  the  newt,  and  reciprocally, 
evolution  has  not  taken  place  in  any  one  in- 
stance. My  hopes  of  impregnating  neigh- 
bouring fpecies  with  effeCt  were  much  more 
fanguine.  1 need  not  ob ferve,  that  the  frog 
and  toad  are  each  amphibious,  and  that  they 
nearly  refemble  one  another,  as  well  in  exter- 
nal appearance  as  in  internal  ftruCture.  Betides 
this  correfpondence  of  organization,  their 
manners,  adions,  and  ways  of  propagation 
are  alike.  Having,  therefore,  fixed  upon  the 
fetid  terreffrial  toad,  as  its  fealon  of  genera- 
tion coincides  with  that  of  frogs,  I bathed 
with  the  feed  of  this  toad,  the  tadpoles  of  the 
green  aquatic  and  the  tree  frog,  and  in  return 
with  their  feed,  I moiftened  the  tadpoles  of 
the  fetid  toad.  I did  the  fame  with  tne  frogs 
juft  mentioned,  and  the  toad  defcribed  in  the 
CXXVIth  paragraph.  The  feed,  as  well  as 
the  juice  of  the  tefticles,  wgs  erpployed 
fometimes  pure,  and  fometimes  diluted  with 
water.  But  notwithstanding  fo  many  and 
fuch  ftriking  marks  of  refcmblance,  one 
fpecies  could  not  be  fecundated  by  another. 
If  I did  not  wonder,  that  liquors  eflentially 
differing  from  feed  were  not  prolific,  (CLXIX, 
CLXX),  I muff  own  my  furprize  at  finding 
that  fpermatic  liquors,  which  muff  needs  re- 
femble each  other  very  .clofely,  were  ineffica- 
cious. Thefe  experiments,  however,  though 
ineffectual,  are  not  u nftru&ive  ; they 
teach  us,  that  from  analogy  we  cannot  learn 
when  we  may  procure  intermediate  produc- 
tions. In  general  we  obferve,  that  they  owe 

their 
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their  origin  to  animals,  in  many  refpeCts, 
analogous  to  each  other;  but  fuch  analogy  is 
not  a certain  fign  of  their  being  capable  of  pro- 
ducing together,  as  manifeftly  appears  from 
experiment.  In  this  branch  of  phyfics,  as  in 
numberlefs  others,  we  muft  not  generalize 
our  ideas,  but  are  under  the  neceffityof  con- 
fulting  the  oracles  of  Nature,  and  re- 
ceiving her  anfwers  with  refpeCf  and  atten- 
tion, as  we  proceed  from  one  fpecies 
to  another.  If  we  would  obtain  illegiti- 
mate productions,  we  muft  of  neceffity  em- 
ploy the  feed  of  a different  fpecies.  It  muft, 
at  the  fame  time,  be  capable  of  penetrating 
the  embryo,  and  animating  it  by  a bland 
and  kindly  impulfe.  But  we  can  learn  from 
the  effects  alone,  whether  any  given  feed  is 
endowed  with  thefe  effential  properties,  and 
we  muft  abide  ftriCtly  by  the  refult  of  expe- 
riments. 

And  as  if  thefe  amphibious  animals  knew 
the  inefficacy  of  their  refpeCtive  feminal  fluids, 
I have  never,  in  the  whole  courfe  of  my  in- 
quiries, feen  them  coupled.  At  the  feafon 
of  their  amorous  ardour,  I have  placed  a 
male  toad  along  with  a female  of  his  own 
fpecies,  and  a female  frog  ; when  difregard- 
ing  the  latter,  he  has  flown  to  embrace  the 
former.  I have  then  feparated  them,  and 
taken  away  the  female  : but  the  male  fhewed 
no  delire  of  approaching  the  female  frog,  and 
feemed  to  be  wholly  bent  on  efcaping.  And 
though  I kept  them  together  for  leverai  days, 
copulation  did  not  take  place,  not  even  when 
the  female  began  to  difcharge  her  young,  a 
time  at  which  the  males  are  more  than  common- 
ly ardent,  in  order  to  fecundate  the  fetufes  as 

they 


DISSERTATION  IL 


I93 

they  are  brought  forth.  I witneffed  the  fame 
inattention  in  the  male  of  the  fetid  toad,  to 
the  female  of  the  green  aquatic  and  tree-frog, 
and  in  the  male  of  the  green  and  tree-frog, 
for  the  female  of  the  fetid  toad.  I know 
that  male  toads  are  commonly  fuppofed  to 
copulate  with  frogs,  and  that  many,  for  this 
reafon,  abftain  from  eating  the  latter  during 
their  amours.  I,  however,  have  never  met 
with  fuch  conjunctions  in  the  whole  courfe  of 
obfervations  ; nor  did  Roefel  ever  fee  an  in- 
ftancein  Germany.  Imuft,  therefore,  reckon 
this  opinion  among  thofe  numberlefs  pre- 
judices, which  have  credulity  and  ill- 
grounded  popular  tradition  for  their  only 
fupport. 

CLXXII.  After  having  finifhed  the  fore- 
going paragraph,  with  which  I intended  to 
conclude  the  Differtation,  I read  over  the 
whole  from  the  beginning,  in  order  that  I 
might  correct  1'uch  paffages  as  required  cor- 
rection. The  CLVIIIth  paragraph  induced 
me  to  attempt  another  experiment.  I there 
invite  naturalifts  to  try  to  fecundate  fome  of 
thofe  animals,  in  which  it  is  certain,  that 
impregnation  takes  place  internally.  It  was 
now  July,  the  feafon  deftined  for  the  amours 
of  the  lilk-worm  (a),  in  the  Modanefe,  and 
indeed  in  moft  other  parts  of  Italy.  I 
therefore  determined  to  try,  whether  any 
portion  of  my  luccefs,  with  different  amphi- 
bious animals,  would  attend  experiments  on 
this  infect.  I recolleded,  indeed,  the  failure 
of  the  great  Malphigi;  nor  can  it  be  doubted, 

{a)  Phahena  Mori.  Linn.  Syfb  Nat. 
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that  fuch  an  in  fiance  mayj  uftly  create  diffidence 
ih  the  boldeft  experimenter  - more  efpecially 
as  the  celebrated  Bibiena  was  not  more  for- 
tunate, when  he  undertook  to  repeat  and  vary 
Malphigi's  experiment.  As  I did  hot,  how- 
ever, perceive,  that  it  was  impoffible  to  fuc- 
ceed,  I did  not  think  the  attempt  would 
argue  any  blameable  prefumption  in  me.  The 
unimpregnated  eggs  of  the  phalasna  originat- 
ing from  the  filk-worm,  may  be  obtained  in 
two  ways.  If  the  female  be  kept  apart  from 
the  male,  they  may  be  collected  after  they  are 
difeharged,  or  they  may  be  taken  from  the 
matrix.  The  feed  is  to  be  taken  from  the 
genital  organs  of  the  male.  Having  pro- 
cured fome  eggs  in  both  thefe  ways,  I 
moiflened  fome  of  them  with  a large 
quantity  of  feed,'  and  others  very  fparingly, 
but  to  no  purpofe.  The  fecundated  eggs  of 
this  in  fedi  allume  a violet  colour  ; the  others 
remain  yellow.  My  eggs,  before  they  were 
moiffened  with  feed,  were  of  this  colour,  and 
retained  it  afterwards  ; they  moreover  became 
foft,  and  an  incavation  appeared  upon  the  fur- 
face,  figns  that  never  fail  to  attend  fterility. 
Thefe  experiments  were  made  with  that 
fpecies,  of  which  the  eggs  are  hatched  only 
once  a year,  viz.  in  the  fpring.  And  I believe, 
it  was  upon  this  fpecies,  that  the  great  na- 
turali ft  of  Bologna  made  his  unfuccelsful 
experiment. 

i afterwards  tried  another  fpecies,  which  is 
much  cultivated  in  the  cities  of  Lombardy,  on 
account  of  its  producing  three  generations  in 
a year;  one  towards  the  enei  of  the  fpring, 
another  in  fummer,  and  the  third  in  autumn. 

My 
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My  labour  was  not  unprofitably  beftowed 
upon  the  eggs  of  this  fpecies.  Many  which 
I moiftened  with  feed,  produced  worms  in 
proper  feafon  ; nor  is  there  any  caufe  to  ap- 
prehend, left  I ftiould  have  committed  fome 
inadvertence  in  my  experiments.  As  foon  as 
the  laft  change  of  form  had  taken  place,  I 
put  the  females  under  the  receiver  of  an 
air-pump;  the  males  were  on  the  outfide;  and 
either  the  fight  or  the  fmell  of  the  females 
allured  them  to  the  veftel,  for  they  were  con- 
ftantly  fluttering  about  it.  By  thefe  means, 
I fuppoled  that  the  male  organs  of  generation 
would  be  filled  with  feed.  As  foon  as  the 
eggs  were  difcharged,  I bathed  them  with 
feminal  fluid.  Many  of  them,  which  were 
at  firft  yellow,  began  in  a few  days  \to  turn 
brown,  and  at  length  aflumed  a brownifh 
violet  hue  ; in  about  a week  they  produced 
little  worms;  thofe  which  had  not  been 
moiftened  with  feed  remained  yellow,  grew 
flaccid,  and  fpoiled.  I procured  fifty- feven 
at  two  trials. 

CLXXIII.  This  unexpected  event  gave  me 
courage  to  attempt  another  experiment.  It 
fhewed,  that  oviparous  animals  may  be  arti- 
ficially fecundated.  Of  viviparous  animals 
I had  before  obferved  with  wonder,  the  arti- 
ficial impregnation  in  fonie  fpecies  in  which 
this  function  is  external.  It  remained  there- 
fore, as  the  reader  will  eafily  guefs,  to  try 
whether  fuch  experiments  will  iucceed  with 
thofe  viviparous  animals  in  which  fecunda- 
tion takes  place  in  the  body  of  the  female; 
an  animal  of  fom-e  fize, -fuch  as  the  cat,  the 
dog,  or  fheep,  feemed  moft  fit  for  my  pur- 
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pofe.  This  idea  had  been  for  fome  time 
fermenting  in  my  head,  and  I could  not  re- 
frain from  difclofing  it  in  an  article  written 
by  me  for  the  ProfpcBus  of  the  neve  It  aliati  En- 
cyclopaedia, andentitled,  Artificial  Fecundation. 
Having  propofed  fome  views  refpefting  the 
artificial  fecundation  as  well  of  plants  as  ani- 
mals, I employed  towards  the  end  the  follow- 
ing exprefiions.  “ Hitherto  I havefpoken  only 
of  animals  ufualiy  called  oviparous  ; artifi- 
cial fecundation  may  perhaps,  by  different 
means,  and  fuch  as  would  aft  within  the 
body,  be  extended  to  viviparous  animals. 
The  reader  underftands  my  meaning.”  In 
the  CLVIIIth  paragraph  of  this  Differtation 
I threw  out  the  fame  idea,  and  exhorted  Na- 
turaliffs  to  put  it  in  praftice  -,  for  after  I had 
fucceeded  fo  eafily  in  impregnating  different 
animals  of  another  kind  by  art,  I could  not 
confider  my  projeft  as  very  unprcmifing. 
The  event  of  my  experiments  on  hlk-worms* 
in  which  impregnation  is  internal,  rendered 
my  expectation  .(till  more  fanguine,  and  I 
immediately  let  about  to  bring  them  to  an 
iffue.  I chofe  a bitch  fpaniel  of  moderate 
lize  [a)  which  had  before  had  whelps.  Suf- 
pefting,  from  certain  appearances,  that  fhc 
would  foon  be  in  heat,  I confined  her  in 
an  apartment,  where  fhe  continued  a long 
time,  as  will  be  feen  below.  For  greater 
fecurity,  that  fhe  might  never  be  let  loofe, 
I fed  her  myfelf,  and  kept  the  key  the 
whole  time.  On  the  thirteenth  day  fhe  be- 

(a)  Cams  aquaticus,  pilo  longo  cpifpo,  inftar  ovis. 
Linn.  Syft.  Nat, 
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gan  to  fhew  evident  figns  of  being  in  heat;  the 
external  parts  of  generation  were  tumid,  and 
a thin  ffream  of  blood  flowed  from  them. 
On  the  twenty- third  day  fhe  feemed  fit  for 
the  admiffion  of  the  male,  and  I attempted  to 
fecundate  her  artificially  in  thefollowing  man- 
ner. A young  dog  of  the  fame  breed  furnifhed 
me,  by  a fpontaneous  emiffion,  with  nineteen 
grains  of  feed,  which  were  immediately  in- 
jected into  the  matrix,  by  means  of  a finali  fy- 
finge  introduced  into  the  vagina.  As  the  na- 
tural heat  of  the  feed  in  animals  of  warm  blood 
may  be  a condition  necelfary  to  render  fecun- 
dation efficacious,  I had  taken  care  to  give  the 
fyringe  the  degree  of  heat  which  man  and  dogs 
are  found  to  poffefs,  which  is  about  30°  (a). 
Two  days  after  the  injection,  the  bitch  went 
off  her  heat,  and  in  twenty  days  her  belly 
appeared  fwoln,  which  induced  me  to  fet 
her  at  liberty  on  the  twenty-fixth.  Mean- 
while the  fwelling  of  the  belly  increafed  ; 
and  fixty-two  days  after  the  injection  of  the 
feed,  the  bitch  brought  forth  three  lively 
whelps,  two  male  and  one  female,  refembling 
in  colour  and  fhape  not  the  bitch  only,  but 
the  dog  alfo  from*  which  the  feed  had  been 
taken.  Thus  did  I fucceed  in  fecundating 
this  quadruped  ; and  I can  truly  fay,  that  I 
never  received  greater  pleafure  upon  any  oc- 
cafion,  fince  I cultivated  experimental  phi- 
losophy. 

CLXXIV,  I have  before  obferved,  that 
nineteen  grains  of  feed  were  injected;  but  it 
is  proper  to  add,  that  the  whole  quantity 

(tf)  99  or  100  of  F, 
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did  not  pafs  into  the  uterus.  Thirteen  at  mod 
arrived  there,  lìnee  fix  at  lead;  adhered  to  the 
fides  of  the  fyringe.  But  we  are  not  to  con- 
clude, that  impregnation  was  effected  by  all 
of  them.  It  feems  beyond  difpute,  that  a 
much  fmaller  quantity  is  fufficient.  As  the 
effeCt  is  produced  in  the  ovarium,  the  feed 
mud  pafs  through  the  tubes,  and  v/ho  docs 
not  perceive,  that  fonie  mud;  be  retained  by 
their  lides,  as  alfo  by  thofe  of  the  uterus  ? A 
very  fmall  portion  mud  therefore,  in  this 
cafe,  have  produced  fecundation.  Com- 
bining this  experiment  with  thofe  made  upon 
amphibious  animals,  in  which  we  have  feen 
how  fmall  a quantity  of  feed  fuffices,  it  may 
with  great  probability  be  inferred,  that  the 
dofe  of  that  vital  liquid,  by  which  Nature  is 
renewed,  is  always  exceedingly  minute,  as 
well  in  the  large  as  fmall  animals.  This  in- 
ference is  dill  further  confirmed  by  obferva- 
tions  relative  to  birds  ; from  which  we  learn, 
that  a cock  fecundates  at  once  all  the  eggs 
laid  by  the  hen  in  twenty  days.  Hence,  as 
one  is  fufficient  for  twelve  or  even  twenty 
hens,  he  may  every  day  be  the  father  of  thirty 
chickens  (a).  • 

I conclude  with  a brief  reflection.  Con- 
fidering  my  lad  difcpvery,  I have  no  difficulty 
in  believing,  that  we  diali  be  able  to  give 
birth  to  fome  large  animals,  without  the 
concurrence  of  the  two  lexes,  provided  we 
have  recourfe  to  the  fimple  mechanical  de- 
vice employed  by  me;  and,  at  the  fame 

time,  take  advantage  of  fuch  favourable  cir- 

; • ‘ 

(<?)  Buffon,  hiftoire  des  oifeaux. 
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cumftances  as  may  promote  the  experiment, 
and  ufe  thofe  judicious  precautions  which 
are  indilpcnfible.  Meanwhile,  reflecting 
upon  the  phenomena  which  I have  related, 
I am  inclined  to  exclaim  with  Pliny,  Mihi 
intuenti  Jape  perfuajit  rerwn  Natura  nihil  in - 
credibile  exijìimare  de  eà. 
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Mr.  BONNET,  of  GENEVA, 


Respecting  the  foregoing 


DISSERTATIONS. 


ARGUMENT, 

A LITTLE  before  I delivered  to  the 
Pointer  the  two  Differ  tat  ions  on  the 
Generation  and  artificial  Fecundation  of  dif- 
ferent animals,  I tranfmitted  a French  tranfla- 
tion  of  the  analytical  index  to  my  illuftrious 
friend  Mr.  Bonnet  ; for  my  numerous  en- 
gagements did  not  allow  me  to  fend  him  an 
abridgment  of  the  Differtations,  notwith- 
ftanding  I,  as  well  as  he,  very  much  wifhed 
it.  The  great  brevity  of' my  communica- 
tion produced  effects,  equally  advantageous  to 
the  public  and  myfelf,  but  fuch  as  I did  not 
at  all  expedL  From  its  very  nature,  the  in- 
dex could  only  ferve  to  convey  a fummary 
of  the  contents,  and  was  merely  calculated 
to  induce  the  reader  to  confult  the  work  it- 

felf,  -, 


2.02 


ARGUMENT. 


felf.  When  I confiderei!  that  the  Diflerta-. 
lions  would  foon  appear,  I fuppofed  that  my 
friend  would  be  finished  with  the  imperfeCt 
account  I fent  to  him.  But  I was  miftaken. 
The  perufal  of  the  index  excited  a de  fire  of 
fuller  information  concerning  feveral  parti- 
culars : and  he  wrote  a long  and  obliging 
letter,  which  drew  from  me  an  anfwer,  in 
which  I endeavoured  to  reply  to  the  feve- 
ral pertinent  quell; ions  propofed  by  Mr. 
Bonnet.  My  anfwer  was  followed  by  a 
fecond  letter,  net  lefs  polite  and  interefting 
than  the.  former.  Such  was  the  origin  of 
thefe  two  letters.  1 confider  it  as  a lingular 
advantage,  that  I am  authorized  to  publilh 
them;  not  merely  on  account  of  their  dole 
connection  with  the  Diflertations,  but  allo  on 
account  of  their  good  fen fe,  the  philofophicaj 
views,  and  profound  reflections  which  they 
contain  ; and  becaufe  they  are  recommended  by 
that  elegance  (if  I may  be  allowed  to  judge 
concerning  what  is  written  in  a foreign  lan- 
guage) which  ever  charaCterifes  the»produc- 
tions  of  this  writer. 

In  the  fir  ft,  thole  paflages  of  the  analytical 
index,  which  require  explanation,  afe  fre- 
quently tranferibed.  It  would  have  been  fu- 
perfluous  to  publilh  my  reply,  containing 
thefe  explanations,  as  I took  it  from  my 
book  : there  the  reader  will  find  them,  by 
having  recourfe  to  the  numbers  of  the  letter, 
which  correfpond  to  thofe  of  the  Diflerta- 
tion.  With  this  help,  he  will  alfa  enter  bet- 
ter into  the  reafoning  and  reflections  of  Mr. 
Bonnet  upon  thofe  paflages  of  the  index,  of 
which  he  did  not  afte  for  any  explanation. 
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The  fecond  letter,  which  relates  to  my 
explanations,  is  in  general  very  perfpicuous. 
In  thofe  places,  both  of  this  and  tne  firft, 
which  feemed  to  require  fome  previous  in- 
formation, I have  placed  a few  notes  at  the 
bottom  of  the  page. 
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Genthod,  Nov.  29th,  1780, 

My  dear  Friend,  1 

I WAS  going  to  write  to  you  at  the  time 
I received  your  interesting  letter  of  the 
7th,  for  which  I return  you  many  thanks. 
My  health,  it  is  true,  has  been  very  much 
di  (ordered  this  year.  In  the  fummer,  I had 
two  tedious  catarrhal  fevers,  the  one  imme- 
diately fucceeding  the  other  ; they  harraffed 
me  exceedingly,  and  very  much  affebted  my 
weak  eyes.  The  violent  and  repeated  efforts 
of  coughing,  drove  the  blood  into  them 
in  too  great  abundance.  I could  do  nothing 
all  July  and  Auguft  and  part  of  September. 
When  I was  firft  attacked,  I was  very  bufy 
about  my  numerous  annotations  on  the  Con- 
templatioji.  I had  gone  as  far  as  the  tenth 
part.  I could  not  relume  this  employment 
immediately  upon  my  recovery;  it  required 
too  much  application  for  my  weak  fiate.  I 
therefore  fet  about  the  revilal  of  the  different 
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memoirs  I had  publiihed  in  Rozier’s  'journal. 
Hence  I was  led  to  compofe  new  ones  on 
bees,  fnails,  and  newts.  They  will  compofe 
the  Fifth  Volume  of  the  edition  in  Quarto; 
and  that  the  prels  may  not  remain  unemploy- 
ed, I have  allowed  my  editors  to  print  them 
as  they  are  fent.  The  firft  volume  of  the 
Contemplation  was  printed,  when  they  began 
the  fifth  volume.  The  Contemplation  will  take 
up  the  fourth  volume.  It  will  be  enlarged 
about  one-third.  Hence  it  became  necefiary 
to  divide  the  volume  into  two  parts.  It  will 
occupy  three  volumes  in  odiavo.  You  will 
eafily  believe,  that  your  name  frequently  oc- 
curs, and  I am  always  highly  gratified,  when  I 
have  occafion  to  mention  your  fine  difcoveries; 
But  I have  great  reafon  to  regret,  that  I did  not 
fooner  receive  the  fynopfis  of  the  new  experi- 
ments you  have  obligingly  communicated 
to  me.  As  I treat  in  the  feventh  and  eighth 
parts  of  the  reproduction  of  animated  beings, 
I cannot,  as  thofe  parts  are  already  printed, 
introduce  many  curious  particulars  noticed 
in  your  index.  But  I forefee,  it  will  not  be. 
difficult  to  introduce  many  of  your  obferva- 
tions  into  the  chapters  not  yet  printed.  I 
will,  therefore,  go  over  the  principal  articles, 
obferving  the  order  of  your  numbers. 

I.  I perceive  that  you  have  found,  by  many 
experiments,  that  the  fetus  exifts  before  fe- 
cundation in  the  green  aquatic  frog,  the  tree- 
frog,  the  great  terrefirial  toad,  with  red  eyes 
and  dorfal  tubercles,  the  fetid  terrefirial  toad, 
and  in  two  fpecies  of  the  water-newts  (a), 

( a ) N°  I.  of  this  and  the  fecond  letter,  are  the  only 
Numbers  which  have  none  to  correttomi  with  them  in 
the  Di  fler  tati  oris , 
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This  fliort  lift  will  doubtlefs  be  enlarged,  as 
foon  as  your  curious  experiments  are  ex- 
tended to  other  fpecies;  and  you  will  always 
have  the  diftinguiftied  merit,  of  having  laid 
open  fo  rich  and  beautiful  a career.  All 
diredt  means  of  proving  the  pre-exiftence 
of  the  embryo  in  birds  and  quadrupeds, 
have  by  no  means  been  employed.  I,  you 
know,  have  never  doubted  of  this  pre-exift- 
ence : all  my  reflections  upon  generation, 
even  in  my  youth,  led  me  to  conflder  it  as  the 
moft  univerfal  law  of  Nature.  To  contrive, 
therefore,  expedients  for  expofing  the  germ, 
which  is  undoubtedly  contained  in  the  ve- 
hicles of  the  ovarium  of  large  viviparous  ani- 
mals before  the  accefs  of  the  male,  is  the 
firft  requifite.  Its  tranfparency  probably 
contributes  as  much  as  its  minutenefs,  to 
render  the  germ  invifible  before  fecundation. 
Whatever  would  tend  to  leflen  its  tranfpa- 
rency, and  to  coagulate  the  embryo,  would 
reduce  it  within  the  power  of  glaftes  ; fuch 
experiments,  fo  likely  to  illuftrate  the  im- 
portant and  obfcure  fubjedt  of  generation, 
have  been  little  pradtifed  ; and  I forefee,  that 
if  you  will  but  confent  to  defcend  into  this 
of  mine,  you  will  bring  away  unexpected 
Wealth;  for  Nature  treats  you  as  a favourite 
child,  becaufe  you  underhand  how  to  inter- 
rogate her  properly.  But  though  we  lhould 
not  be  able  to  obtain  a diftindt  view  of  the 
germ  in  large  quadrupeds  and  birds  before 
fecundation,  we  may  very  juftly  prefume, 
from  what  we  moft  certainly  know  concern- 
ing this  interesting  fubjedt,  that  the  germ 
exifts  before  impregnation, or  that  its  formation 
is  not  owing  to  the  concourfe  of  the  male 
and  female,  but  bears  date  à primordio.  Hal- 
ler’s 
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ler’s  demonftration  of  the  pre-exiltence  of 
the  chicken  is  not  ftridtly  diredt;  it  does  not 
produce  the  germ  itfelf  before  fecundation, 
but  eftablilhes  only  the  continuity  of  its 
membranes  with  the  yolk,  which  incontefti- 
bly  exifts  before  fecundation.  This  inquiry 
has,  I think,  been  abandoned  too  foon;  it 
has  too  halli  ly  been  determined  to  be  beyond 
the  reach  of  human  abilities.  I am  per-- 
fuaded,  that  if  it  had  been  conducted  with 
the  fame  perfeverance,  pains,  and  fagacity, 
as  you  have  Ihewn  in  your  profound  re- 
earches  concerning  the  animalcules  of  in--- 
fufions  and  amphibious  animals,  far  more 
diredt  proofs  of  the  pre-exiftence  of  the  germ 
in  the  females  of  oviparous  and  large  vivi-> 
parous  animals,  would  have  been  obtained. 
There  is  fome  contrivance,  not  yet  conceived 
by  phyliologills,  which,  the  moment  they 
filali  difcover  it,  and  put  it  in  practice,  will 
afford  the  demonftration  we  fo  much  delire. 
Men  Ihould  never  be  in  halle  to  conclude 
that  any  inquiry  is  impracticable,  merely  be-* 
caufe  no  relation  appears  between  the  prefent 
means,  and  the  fadt  to  be  afcertained;  for 
have  all  the  combinations  of  thefe  means 
been  tried?  If  not,  who  can  be  certain,  that 
he  is  acquainted  with  all  the  relations  be- 
tween thefe  means  and  the  fadt,  which  is 
prefumed  to  exilf , and  propcfed  to  be  alcer- 
tained?  This  refledtion  is  ffrengthened  by_ 
numberlefs  inltances,  recorded  in  every  pageof 
the  hiftory  of  natural  philofophy,  and  more 
efpecially  of  phyfiology.  Conlider  how  many 
inventions,  for  which  the  ancients  would 
fcarce  have  dared  to  hope,  even  if  they  had 
had  a difrant  glimpfe  of  them,  have  enriched 
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thefb  fciences  ! Could  they  have  imagined., 
that  the  artificial  fecundation  of  the  germs  of 
various  animals  would  one  day  be  accorci- 
plifhed,  and  that  chickens  would  be  hatched 
without  the  aid  of  animal  heat  or  of  a ftove  ? 
Need  I mention  thole  admirable  chirurgica! 
operations,  the  miracles  of  the  healing  art, 
which  are  fcarce  credible  even  to  thofe  who 
behold  them  ? We  are  as  yet  incompetent 
judges  of  what  is  impoflible  in  philofophy; 
for  we  always  decide  from  our  prefent  acqui- 
fitions  of  knowledge,  which  bear  no  propor- 
tion to  Nature.  Nature  is  immenfe  ; the 
poffible  combinations  of  beings  have  no 
bounds,  and  the  human  underllanding  is  al- 
moft  always  too  hafty  in  its  decifions.  The 
convidtion  of  our  ignorance  or  moderate  at- 
tainments, ought  to  preferve  us  from  defpair- 
ing  of  any  thing  in  phyfics  ; we  fhould  fay 
to  ourfelves,  what  I cannot  difcover,  another 
will  lay  open  to  every  eye.  But  enough  upon 
a fubjedt  capable  of  affording  a finali  volume 
of  pradtical  refledtions  ; it  is  time  to  come  to 
the  interelfing  fketch  of  the  work  you  are 
about  to  publifh.  I finali  be  guided  by  the 
numbers  of  your  paragraphs. 

XIII.  1 find  here,  that  you  have  imagined 
a curious  contrivance  to  prevent  the  fecunda- 
tion of  the  green  aquatic  frog.  You  do  not 
particularize  the  experiment,  and  it  excites 
my  curiofity.  I muff  therefore  take  advan- 
tage of  your  friendly  offer,  to  anfwer  the 
principal  queftions  fuggefted  to  me  by  the 
perufal  of  your  fketch.  You  may  be  fure, 
that  1 fhall  make  ufe  of  your  anfwers.  You 
finali  be  ray  oracle,  and  I am  certain  'that  its 
replies  will  be  more  intelligible  and  inftruc- 
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tive  than  thofe  of  the  Delphian  oracle.  How 
have  you  contrived  to  prevent  fecundation  in 
this  frog  ? Probably  the  experiment  lias  fug- 
gelled  new  information  concerning  the  myf- 
tery  of  fecundation  ; for  nothing  here  hands 
unconnected. 

XXVI.  I cannot  here  underhand  the  fenfe 
of  your  expreffions,  “ the  fecundation  of  the 
eggs,  though  effeded  out  of  the  body,  pene- 
trates however  a little  way  into  it.”  Is  the 
addon  of  the  feed  propagated  by  the  gelati- 
nous matter  enveloping  the  eggs  ? But  I ought 
not  to  try  to  hnd  your  meaning  by  corijedure* 

LIX.  I am  glad  that  you  have  dihindly 
feen  the  circulation  of  the  blood  in  tadpoles, 
before  they  yet  fhewed  any  figtis  of  motion. 
Manyotherintehinemovementsdoubtlefstake 
place  in  germs,  before  they  are  fufficiently  de- 
veloped to  move  their  little  limbs.  If  germs 
are  all  originally  enclofed  one  within  another, 
many  intelline  motions  inuh  have  happened 
in  them  linee  the  creation.  But  this  admi- 
rable fpedacle  is  referved  for  thofe  fuperior 
intelligences,  whofe  piercing  view  penetrates 
into  the  molt  hidden  fprings  of  the  machine 
of  this  world.  Much  has  been  faid  of  the 
involution  [embotiement)  of  germs  ; the  term 
is  improper  : germs  are  not  little  boxes  en- 
clofed one  within  another;  they  mud;  have 
been  integrant  part-s  of  the  fir  ft  organized 
bodies  that  came  from  the  hand  of  the  Cre- 
ator. I have  infilled  on  this  point  in  one 
of  my  new  notes  on  the  Contemplation.  It  is 
of  conlcquence  to  fix  the  meaning  of  terms 
precifely. 

LXXV,  LXXVI.  You  are  then  convinced, 
that  the  eggs  of  fcaly  fillies  Iole  by  deficca- 
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tion  the  power  o.f  being  productive.  You 
have  leen  the  fame  thing  happen  to  the  fup- 
pofe'd  eggs  of  tadpoles;  and  you  conclude,, 
that  the  affigried  explanation  of  the  re-, 
peopling  of  dried  ponds  is  falfe.  I was  there- 
fore mistaken,  when  in  Art . CCCXVIII. 
of  the  Confederations  on  organized  bodies , I 
thought  of  applying  to  the  eggs  of  fifhes 
what  my  illuftrious  friend  i rembley  hadob- 
ferved  with  refpedt  to  thofe  of  the  tufted 
polype , which  may  be  kept  leverai  months  in 
the  dry  without  lólìng  the  power  of  producing. 
I however  threw  out  an  invitation  to  Natura- 
lifts  on  the  fubjedt  óf  fillies  eggs  : I faid, 
“ that  it  would  be  a curious  experiment  to 
keep  different  fillies  eggs  for  fonie  time  in  the 
cry,  and  then  dift'ribute  them  in  proper  places. 
This  limple  trial  would  afcertain,  whether  in 
fuch  a fiate  they  can  ferve  to  perpetuate  the  fpe- 
cies.  Nature  is  hot  fubjedted  to  undeviating 
exadtnefs  : In  her  operations  there  is  a latitude 
which  the  Naturatili:  ought  to  ftudy,  and 
which  experiment  alone  can  detedt.”  You 
have  accepted  my  iiivitàtion,  and  your  expe- 
riments have  not  been  favourable  to  my  con- 
jecture. As  you  have  not  pointed  out  your 
mariner  of  proceeding»  I am  unable  to  judge 
whether  it  excludes  the  molt  common  natu- 
ral circùm itances  in  ponds  and  pools.  Many 
. trivial  particulars  may  produce  a variation  in 
the  reiults.  You  eafìly  gufefs  what  I have 
in  view  ; but  I am  hot  lefs  inclined  to  ac- 
quiefce  in  the  falfehood  of  my  conjedture. 

LXXX.  Strange  way  in  which  the  male 
newt  impregnates  the  female  without  copula- 
tion. I have  never  feen  the  fecundation  of 
the  newt  ; but  my  curiofity  is  much  raifed  : 
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I beg  you  will  inform  me  in  what  thi$ 
ftrangenefs  confifts  ! My  brain  has  long  been 
difpofed,  by  frequently  taking  cognizance  of 
prodigies,  for  the  admiffion  of  the  ftrangeft 
things  -,  for  fuch  furely  is  the  reproduction 
of  the  limbs  in  the  newt,  which  has  en- 
gaged my  attention  for  l'ome  years,  and  itili 
engages  it.  I fhould  probably  have  feen  the 
aft  of  fecundation,  if  I had  kept  individuals 
of  different  fexes  in  the  fame  velfel  ; but  my 
only  aim  was  to-  obferve  with  my  own  eyes 
thefe  beautiful  organic  reproductions. 

LXXXIV,  LXXXV.  You  treat  in  thefe 
articles  of  the  natural  fecundation  of  the  eggs 
of  the  newt.  I am  totally  unacquainted  with 
it,  and  fhould  be  obliged  by  a brief  expla- 
nation. 

XCVI.  What  forefght  do  amphibious  animals 
Jfjew  in  the  multiplication  of  the  Jpecies  ? No- 
thing in  the  ftudy  of  animals  intereifs  my 
curiofity  fo  much  as  their  forefght.  We 
frequently  commit  miftakes  on  this  fubjeCt, 
and  are  apt  to  form  very  unphilofophical 
ideas;  but  of  this  I have  faid  enough  in  the 
Contemplation,  and  elfewhere.  We  impute 
to  animals,  with  wonderful  facility,  our  own 
forefight  and  our  reafoning  faculty.  Could 
they  judge  concerning  us,  they  would  reduce 
us  to  their  ftandard;  for  they  would  attribute 
to  us  their  fenfations  and  aCtions.  Authors 
have  run  into  the  moft  oppofite  extremes  in 
confidering  this  topic  ; I have  fought  the 
medium,  and  hope  that  I have  found  it.  You 
have  a good  right  to  decide. 

XCVII,  XCV1II,  XCIX.  I find  here 
fomething  relative  to  the  induflry  of  ani- 
mals, and  I dwell  upon  it  with  pleafure, 
having  devoted  one  whole  chapter  of  the  Con- 
-r  tempi  a- 
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Ufnplàtìm  to  the  amours  of  the  toad  which  you 
confider  here.  You  enquire,  Why  the  malejrog^ 
and  toad  embrace  the  jemale  Jo  clofely  and  Jo 
long  ? I had  prefumed,  that  luch  a long  con- 
tinuance had  fome  fecret  final  caufe  ; but  I 
was  unacquainted  with  any  obfervation  which 
could  guide  me  to  that  caufe.  I expedi  from 
your  friendfliip  the  inftrucftion  which  I want. 

Ì fliould  fufpedt,  that  the  embraces  tend  to 
facilitate  the  defcent  of  the  eggs  or  the  tad- 
poles into  the  dudts,  and  thence  into  the 
uterus,  and  moreover,  perhaps  to  aid  the 
expul fion  of  the  embryos.  I meet  in  every 
part  of  your  fketch  with  enigmas,  and  hazard 
my  conjecture  without  hoping  that  it  is  the 
true  explanation; 

CII.  Has  the  interefting  obfervation  of 
Mr.  Demours,  concerning  the  amours  of  the 
toad,  of  which  I made  ufe,  given  occafion  to 
any  critical  reflection  ? Was  the  obferver  de- 
ceived ? He  certainly  flood  in  a good  fitua- 
tion  for  obl'erving. 

CV,  CVI.  Here  you  do  not  feem  inclined 
to  abide  by  the  current  accounts  of  the  fecun- 
dation of  fcaly  fi  flies.  Youfpeak  of  lineerà 
tainties , what  are  they  ? Do  you  doubt 
whether  the  male  emits  his  milt  upon  the 
eggs  ? Or  whether  he  repeatedly  rubs  the 
belly  of  the  female?  Or  of  both  thefe  ac- 
counts ? My  own  faith  was  very  unfettled 
upon  thefe  points.  I could  no  where  find 
decifive  obfervations.  It  is  aftonifhing  fome- 
times  to  fee  Naturalifts  remain  lb  long  and  fo 
quietly  in  doubt,  about  the  mofl  interefting 
queftions,  and  make  no  attempt  to  folve  them 
by  the  eafieft  obfervations  and  experiments. 
The  mind,  naturally  fo  adtive,  is  yet  often 
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very  indolent.  To  contrive  an  infignificant 
experiment,  or  a finali  apparatus,  requires  as 
great  an  effort  as  to  undertake  a journey. 
Such  obfervers  only  as  you  are  always 
alert  ; fuch  only  have  their  minds  always  in 
adtion  and  forming  combinations.  You  have 
made  more  difcoveries  in  five  or  fix  years, 
than  whole  Academies  in  half  a century.  Ir 
however,  who  know  the  labourer,  and  the 
richnefs  of  the  harveft,  am  not  at  all  fur- 
prized.  When,  in  1765,  you  obligingly  afked 
my  opinion  on  the  department  of  Natural 
Hiftory  to  which  you  Ihould  apply,  I eafily 
forefaw  how  much  that  fcience  would  one 
day  be  indebted  to  you.  Your  firft  produc- 
tion on  the  animalcules  of  infufions,  fulfilled 
my  prediction,  and  your  interefting  letters 
upon  the  wonderful  reproductions  of  the 
earth-worm,  the  fnail,  and  the  newt,  were 
new  confirmations  of  it.  I have  contem- 
plated, from  the  filence  of  my  retreat,  your 
gigantic  progrefs  in  that  fine  career. 

CVIII.  From  this  article  I learn,  that  the 
fecundation  of  the  newt  differs  from  that  of 
other  animals  ; but  I am  not  informed  in 
what  the  difference  confifts.  The  modifica- 
tions of  the  great  laws  of  Nature  chiefly  ex- 
cite the  attention  of  the  philofophical  Natu- 
ralift.  They  ftrike  him  with  the  greater 
force,  as  they  fhew  the  endlefs  variety  of  the 
Creator’s  refources,  and  of  thole  fubor- 
. dinate  means,  by  which  his  Wisdom  pre- 
pares the  firft  developement  of  animated 
beings.  It  was  not  confiftent  with  the 
ceconomy  of  the  world,  that  all  generations 
fhould  exift  together  in  a Hate  of  complete 
evolution.  The  earth  could  neither  have 
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contained  them,  nor  Supplied  them  with  food. 
They  were,  therefore,  placed  one  within 
another,  in  a feries  continually  decreasing, 
and  loll  at  laft  in  the  abyfs  of  infinite/ little- 
nefs.  The  generations  are  therefore  de- 
veloped, one  by  means  of  another,  and 
their  growth  is  proportional  to  the  order  of 
degradations.  Thus  they  are  gradually  ad- 
vancing out  of  impenetrable  darknefs,  and  at 
length  arrive  at  the  term,  which  feparates  the 
viiible  from  the  invifible,  and  from  which, 
by  the  aid  of  fecundation,  they  infenlibly 
arife  to  the  degree  of  perfection  competent 
to  the  fpecies.  But  as  animated  beings  are 
greatly  diverfified,  fo  likewife  are  the  laws 
which  prefide  over  their  developement.f 
Hence  rei  ult  many  varieties  in  the  forms  which 
they  lucceffively  affume,  and  in  the  mode  and 
efteCts  of  fecundation.  The  delineation  of 
thefe  phafes  and  varieties,  constitutes  the 
moft  engaging  part  of  the  hiftory  of  gene- 
ration. 

CXXIII,  CXXIV.  From  your  numerous 
experiments  on  artificial  fecundation  it  ap- 
pears, that  attempts  of  this  kind  upon  germs, 
while  yet  in  the  ovarium,  or  at  the  upper 
end  of  the  duCts,  will  fail.  I can,  I think, 
aflign  the  real'on.  The  feed  aCts  on  thefe  fe- 
tufes  as  a Simple  Stimulant.  Now  there  is  an 
original  relation  between  the  latent  power, 
which  caufes  the  irritability  or  the  con- 
traction of  the  mufcular  fibre,  and  the  pre- 
sent Slate  of  that  fibre.  If  it  has  not  yet  at- 
tained the  necefiary  degree  of  confiftence,  it 
will  not  be  in  proportion  to  the  mode  of 
aCSion  of  that  power,  and  its  impreffion  will 
therefore  produce  no  effedt.  The  germ  muft 
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have  arrived  at  a determinate  growth  before 
it  can  be  fufceptible  of  irritation.  Such  was 
the  reafoning  of  the  great  Haller. 

CXXVIII,  CXXIX.  I find  here  a parti- 
cular which  embarraffes  me.  Artificial  fe- 
cundation, you  fay,  does  not  fucceed  in  the 
newt  with  pure  feed , and  it  is  neceffary  to  di- 
lute it  with  water.  But  pure  feed  is  the  effi- 
cient caufe  of  natural  fecundation  : how  then 
comes  it  to  fail  in  the  artificial  ? does  the  air 
infpiffate  it  too  much,  or  is  it  mixed  with 
fome  thinner  fluid  at  the  inSant  of  its  emif- 
fion  from  the  male.  I know  not  what  to 
think.  You  will  inSrudt  me. 

CXXXIV.  "The  feed  does  not  lofe  its  prolife 
‘virtue,  though  incorporated  with  other  liquors. 
I have  great  pleafure,  my  dear  philofopher, 
in  feeing  you  found  Nature,  by  means  of 
combinations  which  fhe  never  made.  Pre- 
ceding phyfiologiSs  did  not  conceive  the  idea 
of  fuen  combinations.  But  what  liquors 
did  you  mix  with  the  femen  ? it  does  not, 
it  feems,  mix  intimately  with  them  ; there 
is  no  chemical  folution,  fince  the  fperm  re- 
tains its  prolific  virtue — it  is  at  lead;  very 
certain,  that  it  is  not  decompofed  by  thefe 
different  liquors,  for  decompofition  would 
deSroy  its  Simulating  power.  How  do  you 
reafon  on  thefe  fadts  ? 

CXLXII.  Three  grains  of  feed  incorporated 
with  eighteen  ounces  of  water,  retain  perfectly 
their  fecundating  virtue  in  the  green  aquatic 
and  in  the  tree-frog.  Three  grains  diluted  with 
two  hundred  and  fxty-four  ounces  oj  water, 
do  not  altogether  lofe  their  efficacy.  This 
would  never  have  been  fufpe&ed  ; what  won- 
derful energy  muft  this  lingular  Simulant 
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pò  fiefs  ! lìnee  it  is  not  fenfibly  weakened, 
when  three  grains  are  mixed  with  eighteen 
ounces  of  water,  and  is  even  perceptible, 
when  they  are  diluted  in  two  hundred  and 
fixty-four  ounces  ! thefe  three  grains  of  feed 
apparently  are  diffufed  through  this  body  of 
water,  as  three  grains  of  mulk  are  diftufed 
through  the  air  of  a large  apartment  ; they  ne- 
verthelefs  adt  upon  the  fmell,  and  irritate  the 
nervous  fibres  ; this  irritation  illustrates  the 
effedt  produced  by  feed  diluted  in  a large 
quantity  of  water,  upon  the  mufcular  fibres 
of  the  heart  of  the  embryo. 

CXLÌV,  CXLV.  Other  remarkable  ex- 
perimenis  upon  a little  feed , mixed  with  a great 
quantity  of  water.  Experiments fo  new  and  in- 
Strudtive,  could  not  be  too  much  varied  -,  and 
it  is  with  great  fatisfadtion  I obferve,  that 
you  have  taken  advantage  of  Nature’s  com- 
plaifance.  I beg  you  will  give  me  further 
inftrudtion  on  this  head. 

CLII.  The  feed  fecundates  tadpoles  by  pene- 
trating into  their  diminutive  bodies.  Small 
openings  for  its  admijjion.  Such  circumstances 
have  always  been  more  interesting  to  me, 
than  any  thing  in  the  hiStory  of  fecundation. 
I have,  always,  you  know,  prefumed  that 
fecundation  was  effedted  from  without ; and 
you  may  recolledt,  that  I once  defired  you 
to  fearch  for  the  little  pores,  which  I 
imagined  Nature  had  wrought  in  the  covers 
of  the  germ,  for  the  introdudtion  of  the 
feed:  You  have  now  difeovered  them,  and  I 
congratulate  you  moSt  Sincerely.  The  dif- 
covery  is  of  high  importance,  and  I am  quite 
impatient  for  the  particulars.  I have  obferved 
in  a new  note.  Chap.  X.  part.  7.  of  the 
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Contemplation , <c  What  happens  openly  du- 
ring the  fecundation  of  the  eggs  of  amphi- 
bious animals,  takes  places  in  other  clafles  in 
the  obfcurity  of  the  ovarium.  The  egg  is 
always  fecundated  externally,  both  in  ovipa- 
rous and  viviparous  animals.  The  fuppo- 
fition  followed  very  naturally,  after  the  em- 
bryo was  allowed  to  exift  entire  in  the  egg  : 
the  obvious  inference  was,  that  the  feed  aded 
only  as  a nutritious  and  ftimulating  principle. 
But  this  fimpde  and  philofophical  notion  of 
fecundation  could  not  be  conceived  by  thofe 
who  rejed  all  organic  preformation,  and 
imagine,  that  the  embryo  is  mechanically 
formed  by  certain  powers  of  affinity  (forces 
de  rapport)  or  by  the  fucceflive  juxta-pofition 
of  certain  molecules  iffiuing  from  the  male  and 
.female,  which  had  been  moulded  within 
them. 

CL  VII  I.  Whether  the  fmall  portion  of feed , 
employed  by  Nature  for  the  impregnation  of 
amphibious  animals , affords  reafon  to  fuppofe 
that  large  animals  affo  are  impregnated  by 
fo  mconfiderable  a quantity.  I am  very  de- 
firous  of  knowing  your  thoughts  on  a fub- 
jed,  which  has  never  been  properly  difcuf- 
fed,  becaufe,  before  it  could  be  properly  dif- 
cufled,  it  was  neceffary  to  make  thofe  fine 
experiments,  which  you  have  fo  well  executed 
on  amphibious  animals,  and  which  yet  were 
not  fuppofed  to  be  poffible.  If  the  ovaria  of 
an  ewe,  bitch,  or  cow,  could  be  laid  bare 
without  endangering  life,  your  queftion  might 
be  decided  by  experiments  like  thofe  on  am- 
phibious animals,  which  fuggefted  to  you  fo 
many  new  truths.  You  might  touch  with 
the  end  of  a pencil,  dipped  in  the  feed  of  the 
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male,  one  or  more  of  the  'uejicula  of  the 
ovarium and  if  the  wound  could  be  healed 
without  deftroying  the  effedt  of  fecundation, 
you  would  find  the  quantity  of  feed  neceffary 
for  this  purpofe  in  large  animals.  This  lin- 
gular experiment  would  perhaps  fucceed  bet- 
ter on  the  greater  oviparous  fpecies.  If  it  is 
to  fucceed  at  all,  it  muft  be  in  your  hands. 
You  have  accuftomed  me  to  expedt  much 
from  your  dexterity  and  perfeverance.  Should 
you  only  be  fortunate  enough  to  perceive  an 
incipient  evolution  of  the  germ,  it  would  be 
fufficient  for  our  inftrudtion . There  are  obfer- 
vations  which  diredtly  prove,  that  the  fetus 
may  be  developed  in  the  ovarium.  You 
might  alfo  try  to  injedt  different  quantities 
into  the  matrix.  Should  the  fmallefc  portion, 
prove  as  efficacious  as  the  greateft,  it  would 
become  very  probable,  that  the  fecundation  of 
large  animals  differs  but  little  in. this  re- 
fpedt  from  that  of  the  amphibious  clafs. 

CL  IX.  The  feed  of  amphibious  animals  feems 
to  be  a fimple  Jlimulant,  and  not  a nutritious 
fluid.  I think  I perceive  the  foundation  of 
your  conclufion.  You  cannot  reconcile  the 
finali  quantity  of  feed  fufficient  for  fecunda- 
tion, with  the  idea  of  a fluid,  deftined  to 
fupply  all  the  parts  of  the  embryo  with  their 
firff  nutriment.  You  calculate  (CLV),  that 
the  bulk  of  this  portion  of  feed,  is  to  that 
of  the  embryo,  as  1 to  1064777777.  There 
can,  therefore,  be  no  fort  of  proportion  be- 
tween the  nutritious  fluid,  and  the  embryo 
to  be  nourifhed.  I lhall  not  conteft  the  juff- 
nefs  of  your  inference,  as  far  as  it  regards 
amphibious  animals  ; but  I do  not  think  you 
can  extend  it  to  large  animals.  The  mules 
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produced  by  them  furnifti  facts,  which  render 
it  inipoffible  to  doubt,  that  the  feed  modifier 
various  parts  of  the  embryo:  I have  given 
feveral  inltances  • the  feed  is  therefore  car- 
ried to  thefe  parts,  and  how  can  it  be  ima- 
gined to  change  their  forms  and  proportions 
without  penetrating  into  them  (a)  ? Con-, 
fider,  in  particular,  the  larynx  of  the  great 
mule.  I am  brief;  but  you,  who  underftand 
my  principles  as  well  as  I do  myfelf,  will 
ealily  comprehend  my  meaning. 

CLXVII.  'The  feed  ts  not  a Jpirituous  nor 
very  volatile  liquor , as  fome  philofophers  have 
itnagined.  I am  glad  you  have  afcertained 
this  ; but  after  having  fhewn  what  the  feed 
is  not,  have  you  difcovered  what  it  is  ? We 
well  know,  that  it  is  one  of  the  mod  highly 
wrought  fluids  in  the  animal  body.  Have 
you  made  any  chemical  experiments  upon  it? 
I have  always  entertained  a fufpicion,  that  it 
very  much  refembles  the  nervous  fluid.  I 

[a)  When  the  experiments  related  in  this  work,  filali 
be  attempted  upon  large  animals,  as  there  is  every  rea- 
fon  to  hope  that  they  foon  will,  with  fuccefs,  I do  not 
think  there  is  any  great  temerity  in  predidling,  that 
this  favourite  hypothefis  of  Mr.  Bonnet  will  be  proved  to 
"be  falfe.  It  was  long  fince  rejedled  by  Haller,  the  moft 
candid  and  acute  examiner  of  phyfiological  hypothefes  ; 
and  Spallanzani  has  furnifhed  a very  powerful  additional 
argument,  derived  indeed  from  analogy,  but  more  cogent 
than  any  proof  in  favour  of  it.  There  are  numberlefs 
examples,  of  parts  of  the  fyftem  being  deeply  affedted  by 
fubftances  not  in  contadi  with  them.  Nervous  fympathv 
is  called  in  to  explain  fuch  phasnomena,  and  to  what  elfe 
is  it  pofiible  to  impute  them  ? Phyfiologifls  will,  in  like 
manner,  I fuppofe,  deduce  the  changes  produced  by  the 
feed  of  one  fpecies  upon  the  embryo  at  another,  from  the 
fame  caule.  T. 
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have  proved,  that  irritability  muft  depend 
on  a very  adtive  fluid,  diffeminated  among 
the  mufcular  fibres.  Contempi  Fart.  X.  Ch. 
33.  The  feed  of  amphibious  animals,  which 
is  the  flimulant  of  the  heart  of  the  embryo, 
may  have  a certain  affinity  ( rapport ) with  the 
fluid  difperfed  in  the  fibres  of  this  impelling 
organ.  Here  we  find  depths  that  cannot  yet 
be  fathomed. 

CLXVIII.  The  eleSlric  fluid  accelerates  the 
evolution  of  fecundated  tadpoles , but  does  not 
animate  thofe  which  are  impregnated.  I thank 
you  for  having  tried,  as  I propofed,  whether 
the  eledtrie  fluid  might  be  fubftituted  inftead 
of  the  feminal  liquor,  in  the  artificial  fecun- 
dation of  tadpoles.  It  did  not  anfwer,  and 
you  may  imagine,  that  I do  not  wonder  at 
the  failure.  It  was  proper  to  make  the  trial. 
Que  flit -on  is  a queftion  that  frequently  re- 
curs in  natural  philolophy  and  natural  hif- 
tory.  You  have  at  leali  found,  that  the  elec- 
trical fluid  forwards  the  evolution  of  fecun- 
dated tadpoles,  a new  obfervation,  to  be  added 
to  thofe  recorded  in  the  hiflory  of  electricity. 

CLXIX,  CLXX.  Various  other  liquors  are 
incapable  of  effe  Sling  artificial  impregnation. 
That  talent  of  combination  which  you  pof- 
fefs,  and  which  charadtizes  the  true  natural- 
ift,  gave  me  reafon  to  expedt  thefe  various 
experiments.  Nature,  by  her  negative  re- 
fponfes,  has  afforded  you  no  lefs  informa- 
tion, than  when  fhe  has  anfwered  in  the  af- 
firmative. 

CLXXI.  The  feed  of  the  newt  is  incapable 
of  fecundating  the * embryos  of frogs  and  toads , 
and,  reciprocally . This  is  cilfo  true  of  the  feed 
of  toads  and  frogs  reJpeSling  one  another . Thus 
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though  Nature  produces  mules  between  large 
animals,  and  even  between  infects  and  plants, 
Ihe  refufes  them  to  the  amphibious  tribe.  , 
You  very  properly  queftioned  her  on  a fu bj  eel 
fo  important  ; from  her  anfwers  we  learn, 
that  the  has  not  here  allowed  herfelf  any  la- 
titude. This  is  very  remarkable;  for  at  firfl: 
light,  the  toad  appears  to  differ  much  lefs 
from  the  frog,  than  the  horfe  from  the  afs.  j < 
If  the  contrary  had  happened,  and  you  had 
obtained  mules  by  the  artificial  impregnation 
of  amphibious  animals,  you  would  not  have . 
had  fuch  good  reafon  for  concluding,  that 
the  feed  of  thefe  animals  abts  but  as  a ffimu-  m 
lant.  It  would  remain  to  inquire,  why  Na- 
ture has  here  fet  herfelf  fuch  narrow  limits.  . ; 
If  it  fhould  be  laid,  that  in  fpecies  apparently 
fo  nearly  allied,  one  degree  more  of  approxi- 
mation would  have  deftroyed  the  fpecific  cha-  i 
racier,  this  would  be  to  affign  the  final,  but  j 
not  the  efficient  caule. 

CLXXII.  The  eggs  of  the  "winged  infeB 
produced  from  the  fdk-worm,  artificially  fe- 
cundated by  the  author.  An  Italian,  the  fa- 
mous Malphigi,  firi!  imagined  this  experi- 
ment : another  Italian,  the  fecond  Malphigi, 
fi  rii  fucceeded  in  it.  Above  eighteen  years  ago, 

I exhorted  naturalifts  to  repeat  this  intereiling 
experiment;  and  in  this  long  interval,  the 
philofopher  of  Reggio  alone  has  undertaken 
it.  What  fatisfadlion  muff  he  receive  on  this 
account  ! But  he  will  not  confine  himfelf  to  i 
the  eggs  of  this  fpecies  ; he  will  proceed  to 
thofe  of  other  butterflies.  He  will  try  to 
fecundate  the  eggs  of  one  fpecies  with  the 
feed  of  another:  he  will  defire  to  know, 
whether  butterflies  and  moths  refemble  am- 
phibious 
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fhibious  animals  in  this  refpecT;  and  he  will 
ìot,  I am  lure,  negledt  making  the^  fame 
rials  upon  other  different  infedts.  Reaioning 
vili  not  illuftrate  this  fubjedt:  experiment 
done  can  fupply  the  information  we  defire. 

From  all  your  experiments,  you  deduce  a 
:onclufion  highly  pleafing  to  me  ; all  the 
1 reams  of  modern  epigenefifts  are  difowned 
ny  Nature.  You  know  how  averfe  I have 
leen  all  my  life  to  this  fyftem  ; I have  com- 
)ated  it  in  all  my  writings,  and  when  my 
ate  illuftrious  friend  Haller  was  inclining 
:o  this  hypothefis,  I had  the  courage  to  refill 
lim,  notwithftanding  the  imprefiion  his  au- 
thority made  on  me.  The  chicken  came  to 
my  ailiftance,  and  the  great  phyfiologifl  de- 
dared  againfi;  epigenefis. 

I have  gone  through  the  principal  articles 
}f  your  table  : many  things  are  left  behind, 
3Ut  the  revilal  of  my  works  does  not  permit 
ne  to  attend  to  you  as  much  as  I could  wifh. 

. pafs  to  your  kind  letter  of  the  thirteenth 
)f  March,  which  I have  not  yet  anfwered. 

I knew  not  that  the  celebrated  Merian  had 
Dbferved  the  Pipa  before  Ruyfch.  I have 
made  ufe  of  the  paflage  from  that  heroine, 
kvhich  you  obligingly  tranfcribed  for  me  (a)  . 

( a ) In  a letter,  written  March  13,  1780,  to  Mr. 
locnet,  about  his  Memoir  on  the  Pipa,  inierted  in  Ro- 
ller’s Journal  for  1779,  and  of  which  I fpsak  incident- 
dly  iri  Se£h  CIV,  I informed  him  that  Merian,  and  not 
ituyfch,  as  he  fuppcfed,  firft  fpoke  of  this  lingular  ani- 
Inal;  and  I moreover  communicated  to  him  the  erroneous 
Opinions  of  Vallifnóri,  who  affirmed,  that  the  kind  of 
uterus  containing  the  young  toads,  is  upon  the  back  of 
he  male,  and  not  of  the  female.  To  this  paragraph  of 
my  letter  Mr.  Bonnet  alludes. 

I have- 
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I have  inferted  it  in  an  addition  to  my  Me* 
moir.  I have  made  the  fame  ufe  of  that  from 
Vallifneri,  which  was  alfo  quite  unknown  to 
me.  Your  cenfure  of  his  negligence,  in 
not  afcertaining  the  fex  of  his  two  pipas,  is 
juft.  I have  differed,  or  rather  dead  the 
pipa  left  in  our  bottle  ; but  the  fatigue  my 
eyes  underwent,  together  with  the  quantity 
of  fpirits  which  had  [penetrated  into  the  in 
fide,  hindered  me  from  oblerving  difrinctly 
every  thing  that  lay  before  me.  I made  my 
incifion  on  the  belly,  and  after  turning  afide 
the  fkin,  perceived  the  mufcles  and  interna] 
teguments.  Having  removed  them,  I dis- 
covered the  inteftines.  I was  firft  ftruck  by 
a number  of  bright  yellow  grains  that  wen 
difperfed  over  the  vifcera.  In  order  to  lean 
whether  their  fhape  was  regular,  I obfervec 
them  with  a glafs,  but  it  appeared  to  vary  : 
good  deal  j fome  being  round,  others  oblong 
and  others  again  like  quadrilateral  plates 
The  ftomach  was  oval,  mufcular,  and  thick 
it  was  filled  with  many  final  1 brown  frag- 
ments, very  brittle,  fome  a line  or  two  ii 
length,  and  pretty  much  refembling  frag- 
ments of  the  leaves  of  plants. — But  to  comi 
to  our  chief  objedl,  1 could  not  perceiv 
any  veftige  of  an  ovarium  ; I fought  for  th 
tefticles,  and  found,  near  the  bladder,  an  ob 
long  flefhy  body,  which  might  perhaps  b 
a tefiicle,  but  I could  not  find  that  on  th 
other  fide.  I could  not,  indeed,  perform  thi 
dilfedlion  according  to  my  withes  ; I faw  jul 
enough  to  form  an  idea  of  the  great  apparati! 
of  vifcera,  which  this  lingular  toad  offers  t 
the  attention  of  the  obferver  ; every  one  o 
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lie  had  the  inclination  or  the  ability  to  fludy  it 
! as  Lyonet  ftudied  his  eruca.  To  refute  Val- 
lifneri’s  opinion,  it  is  not  abfolutely  neceffary 
to  have  recourfe  to  diffedtion.  Mr.  Termin'*  s 
obfervation,  of  which  I have  given  the  fub- 
ftance,  Sedi.  CCCXXVII,  Corps  organ,  n.  I. 
leaves  no  room  to  doubt  that  the  female’s 
back  is  furnifhed  with  the  cells,  finte  he 
diffedted  her,  faw  the  ovarium,  and  was  an 
eye-witnefs  of  the  union  of  the  fexes.  I am 
glad  my  Memoir  afforded  you  fatisfadtion.  I 
with  the  queftions  at  the  conclufion  may  in- 
duce feme  Naturalift  to  examine  more  parti- 
cularly an  animal  fo  remarkable,  and  as  yet 
without  parallel. 

I thank  you  for  the  Italian  extradl  from 
your  refeàrches  on  the  movement  of  the. 
blood,  which  I could  not  read  in  your  excel- 
lent work.  Mr.  Saladin  tranflated  it,  and  I 
finali  borrow  from  it  fome  curious  particulars 
for  a note  on  Part  X.  of  the  Contemplation . 
I afk  nothing  further  on  this  fubjedt,  for  my 
editors  prefs  me  to  finifh  as  foon  as  poffible. 
The  fubferibers  grow  impatient,  and  threaten 
to  withdraw  their  contributions.  Ì have  been 
obliged  to  write  a fhort  letter  in  excufe  of 
my  involuntary  delay,  and  to  fatisfy  them 
about  the  delivery  of  the  fubfequent  parts. 

Your  conclufions,  relative  to  the  blood, 
have  entertained  me  highly.  You  firll  have 
difeovered  an  important  truth  ; the  impulfe 
given  by  the  heart  is  perceptible  to  the  com- 
mencement of  the  veins.  That  the  motion 
of  the  blood  does  not,  as  phyfiologifts  fup- 
pofed,  become  flower  at  the  extremities  of  the 
arteries,  is  another  new  obfervation  of  equal 
importance.  They  were  miftaken  about  the 
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power  or  powers  of  circulation.  They  2 f- 
ligned  to  the  heart  auxiliary  forces  ; and  you 
have  {hewn,  that  the  heart  is  the  foie  impel- 
ling power.  You  have  alfo  proved,  by  an 
ingenious  contrivance,  that  the  changes  of 
the  colour  of  the  blood,  from  yellow  to 
reddifh,  and  then  to  red,  are  mere  illufive  ap- 
pearances. Haller  warmly  conteifed  this  point, 
but  your  mode  of  proceeding,  I think,  car- 
ries conviction.  The vafcularmembrane,  fepa- 
rated  from  the  yolk  of  the  egg,  and  obferved 
upon  a plate  of  glafs,  exhibits  red  veffels  on 
the  firft  days  of  incubation.  You  almoft  every 
where  deftroy  error,  epid  eftablifh  truth.  I 
moft  fmcerely  bid  you  farewell.  You  fay 
nothing  of  the  • fecundation  of  plants  : 1 
have  not  been  able  to  repeat  your  experi- 
ments this  year. 


End  of  Letter  t; 
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Genthod,  January  13,  1781. 

I PERCEIVE  by  your  interefting  reply, 
my  dear  and  celebrated  friend,  that  our 
opinions  on  feveral  points  coincide  -,  this  co- 
incidence affords  me  the  greater  pleafure,  be- 
caufe  it  fhews,  that  I have  reafoned  juftly  on 
feveral  of  your  experiments.  But  fuch  a co- 
| incidence  is  no  new.  thing  between  you  and 
t me,  for  how  often  have  we  converged  in  like 
manner  on  feveral  topics  of  Natural  Hiftory  ? 
It  may  be  faid,  that  my  foul  fometimes  paffes 
into  your  brain,  and  your’s  into  mine.  I owe 
you  many  acknowledgments  for  having  in- 
terrupted the  compofition  of  your  work  on 
the  generation  of  plants,  in  order  to  write  that 
long  and  excellent  letter,  which  you  call 
upon  me  to  anfwer.  I am  furprifed  that  you 
have  been  able  to  do  it  in  two  days.  I am 
not  fo  happv  as  you  in  this  refpedt,  being  able 
to  allot  a few  hours  only  in  a day  to  com-  * 
pofition  ; fo  that  when  I write  letters  of  eigh- 
teen or  twenty  pages,  you  may  be  fure  that 
they  have  taken  up  at  leaft  twelve  days.  I 
muff  therefore  now,  in  my  turn,  fufpend  my 
own  labours,  for  the  fake  of  anfwermg  the 
principal  paffages  of  your  letter  of  the  12th  of 
J )ecember.  I flrall  follow  the  order  of  your 
numbers,  or  rather  of  my  own  in  my  laff  letter, 
which  you  yourfelf  followed,  and  to  which 
you  replied. 
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LI  doubted  not  but  the  experiments  which 
I propofed  to  you,  in  order  todetedl  the  germ 
in  the  ovarium  before  fecundation,  would 
likewife  fuggeft  themfelves  to  your  confi- 
deration  {a).  You  feem  not  to  exped:  much 

(a)  In  order  to  elucidate  this  paragraph,  I {ball  tran- 
fcribe  the  pafiage  of  my  letter  to  which  it  refers.  Mr.  \ 
Bomiet,  in  his  firft  letter,  obferved,  that  fearching  for  the 
embryo  in  the  ovaria  of  quadrupeds  and  birds,  before  the 
acceis  of  the  male,  would  certainly  illuftrate  Natural  Hif- 
tpry:  He  was  of  opinion,  that  1 might  make  fome  ad- 
vances in  this  dark  enquiry.  I reply,  “ That  the  idea  of 
turning  my  attention  towards  the  ovaria  of  quadrupeds 
and  birds,  had  often  arifen  in  my  mind  ; but  that  I had 
never  enjoyed  fufficient  leifure  to  put  it  in  pra&ice.  The 
urgency  with  which  you  recommend  tb.ofe  refearches,  is 
a powerful  incentive  to  me  to  attempt  them,  and  perhaps 
I may  do  this  ere  long  -T  but  I confefs  that  my  expecta- 
tions are  not  very  fanguine.  I fear,  left  the  extreme  mi- 
ri utenefs  and  tranfparency  of  the  germ  fhould  prevent  me 
from  difcerning  it.  It  is,  however,  better  to  undertake 
unpromifmg  experiments  on  a fubjedl  fo  interefting,  than 
to  leave  them  unattempted. 

“ Having  lately  had  occafion  to  read  fome  of  Reaumur’s 
memoirs  on  infects,  I met  with  an  obfervation  of  an  Italian 
Naturatili,  very  analogous  to  mine,  upon  the  pre-exiftence 
of  the  fetufes  of  the  frog  and  toad.  It  is  in  Voi.  III.  P.  i, 
Mem.  y.  Reaumur,  fpeaking  of  the  grub  of  the  little 
beetle  (fcarabteus)  of  the  lily,  after  the  fine  diflertation  of 
Patarol,  fays,  “ Mr.  Patarol  thinks,  that  the  grubs  cannot 
be  Paid  to  come  from  the  eggs,  but  that  every  egg  appears 
to  be  changed  into  a grub.  The  reafon  that  induced  him 
to  propofe  fo  fingular  a' notion,  was,  becaufe  he  could  not 
find,  with  whatever  care  he  examined,  any  empty  lhell.” 
Obferve,  I beg  of  you,  the  conclufion  of  the  French  Pliny  ; 

•he  appears  defirous  of  repeating  the  obfervation,  though 
other  occupations  prevented  him,  it  would  feem,  from  e x- 
ecuting his  intention.  I am  rcfolved  to  repeat  it  next 
fpring,  and  I think  Reaumur  did  not  fet  a fufficient  value*  j 1 
upon  it.” 

from 
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from  them:  you  prefume  that  the  extreme 
minutenefs,  as  well  as  the  tranfparency  of  the 
germ,  would  conceal  it  from  all  your  re- 
fearches.  You  do  not  however  defpair  ; and 
you  give  me  room  to  fuppofe,  that  my  ex- 
hortations contribute  to  encourage  you  : but 
the  great  fuccefs  which  has  crowned  your 
refearches  on  other  occafions,  might  ferve  to 
perfuade  you  much  more  powerfully,  that  you 
Will  not  labour  on  the  prefent  in  vain.  A 
lucky  accident,  fome  unexpected  and  unfore- 
feen  circumftance,  may  afford  you  the  greated 
affiftance.  You  will  create  fuch  fortunate 
occurrences  as  do  not  happen  in  the  ordinary 
courfe  of  Nature,  and  as  will  furprizeyou  with 
a full  view  of  that  which  Nature  concealed 
from  Malpighi  and  Haller.  It  feems  to  me, 
that  the  fird  dep  neceffary  is  to  find  the  means 
of  diminifhing  the  tranfparency  of  the  germ 
without  altering  its  ftruCture  ; for  in  my  opi- 
nion this,  rather  than  its  extreme  minutenefs, 
keeps  it  concealed  from  the  molt  piercing 
looks  of  the  ob ferver.  A drop  of  vinegar,  or 
fpiritof  nitre,  poured  on  the  cicatricula  of  the 
egg,  by  a little  condenfing  the  moidure 
which  dilutes  the  folids  of  the  germ,  may 
perhaps  render  them  perceptible.  You  might 
alfo  try  other  liquors.  Two  other  means 
fugged  themfelves  to  my  mind:  The  firft* 
confifts  in  endeavouring  to  fpread  a liquor 
coloured  by  fome  vegetable  tindrure  over  the 
yolk  : how  do  we  know  but  the  veffels  of  the 
yolk  would  abforb  this  tinCture,  and  carry  it 
to  the  germ  ? Should  it  only  colour  the  con- 
. tiguous  parts,  it  would  at  lead:  fhew  its  place 
or  point.  The  adtion  of  the  veffels  fhould  be 
aided  by  a gentle  heat.  The  ingenious  pro- 
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cds  employed  by  Mr.  BegUelin,  to  IheW  the 
Prince  Royal  of  Pfuffia,  the  fuccelfive  pro- 
grefs  of  the  chicken  in  the  egg,  would  not 
be  unferviceable  to  you  in  your  attempts. 
Again,  who  knows  but  a certain  degree  o-f 
heat  would  contribute  to  render  the  germ 
apparent,  by  coagulating  its  lymph  ? To  tub- 
iti tute  the  femen  of  the  cock,  or  any  other 
bird,  would  be  another  means  of  attaining 
the  fame  end.  As  the  femen  is,  beyond  con- 
troverfy,  the  liquor  which  has  the  greateft 
influence  upon  the  germ,  it  feems  to  be  belt 
adapted  to  produce  fome  fudden  change,  fuch 
as  might  render  it  acceffible  to  themicrofcope. 

It  would  be,  at  the  fame  time,  an  attempt 
ro  produce  the  artificial  impregnation  of  the 
germ  in  the  egg.  Mr.  Beguelin’s  apparatus 
would  be  very  convenient  for  this  purpofe. 
Should  a drop  of  feed  render  the  embryo  im- 
mediately perceptible,  it  could  not  be  ob- 
jected that  the  feed  had  conveyed  it  into  the 
cicatrìcula , as  it  has  been  fuppofed  that  the 
farina  fecundans  does  the  plant  into  the  grain; 
for  Haller’s  obfervatiòn,  as  well  as  your  dif- 
covery  of  the  exiftence  of  the  tadpole  before 
fecundation,  would  deltroy  the  objection. 
Laftly,  it  would  be  proper  to  try  to  obferve 
the  cicatricula  of  unimpregnated  eggs  in  the 
folar  miciofcope,  which  enlarges  objects 
which  are  in  fome  meafure  tranfparent  more 
than  any  other.  Need  I add,  that  you  will 
not  be  feeking  forfomething  which  does  not 
exift,  fmce  you  have  the  ftrongelt  reafons  to 
fuppofe,  that  the  germ  does  really  exilt  in 
the  cicatrìcula. 

Curious  experiments  have  lliewn,  that  the 
perfpiration  of  the  egg,  notwith Handing  its 
a cruita- 
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cruffaceous  cover,  is  confiderable.  Various 
internal  changes  proceed  from  this.  You  will 
therefore  obferve  the  cicatricula  in  unmipreg- 
nated  eggs  kept  for  a longer  or  fhorter  time. 
Perhaps  drying  the  cicatricula  a little  upoq 
a plate  of  glafs,  before  it  is  obferved  by 
the  microfcope,  may  be  of  ufe.  The  ap- 
proximation of  the  elements  of  the  To] ids, 
may  fomewhat  leffen  the  trail fparency  of 
the  germ. 

it  will  be  proper,  my  dear  Malpighi,  to  ob^ 
ferve  the  real  or  fuppofed  eggs  of  the  beetle  of 
the  lily-  The  paffage  you  have  quoted  from  my 
I illuftrious  maffer  thews  clearly,  that  he  faw 
I the  neceffity  of  repeating  Patarol’s  obferva- 
I tion.  It  is  to  be  regretted  that  he  did  not 
do  it,  or  at  leaft  inform  us  that  he  had  ; but 
I we  may  reaionably  doubt,  whether  this  illuf- 
trious Naturali!!  imputed  to  this  obfervation 
the  fame  degree  of  importance  as  you  and  I. 
He  had'not  meditated  fo  much  upon  genera- 
tion, and  particularly  upon  the  iiiterefting 
queftion  of  the  pre-exiffence  of  the  germ. 
You  may  ealily  fuppofe,  that  I diali  not  be 
much  furpriled  if  you  fhould  one  day  inform 
me,  that  the  fuppofed  eggs  of  this  beautiful 
little  infedl  are  not  really  eggs,  but  the  grub 
difguifed  under  the  appearance  of  an  egg.  If 
fo,  thefe  imaginary  eggs  would  agree  with 
thofe  of  frogs,  and  we  fhould  have  a new 
proof  of  the  pre-eixjftence  in  queftion.  Yoq 

!are  acquainted  with  the  eggs  of  the  queen 
bee  ; I have  fonie  lufpicion,  that  they  are  not 
real  eggs,  but  the  maggot  itfelf,  in  a diape 
ilittle  different  from  that  which  it  affli  mes 
mter  fecundation.  But  the  vivaporous  flies, 
iPi  which  Reaumur  has  written  the  curious 
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hiftory  in  Voi.  IV.  will  furely  afford  new 
proofs  of  the  pre-exiftence  of  the  embryo  in 
the  female.  The  fpiral  matrix-,  defcribed  by 
the  author,  is  a beautiful  organ  ; the  different 
convolutions  he  informs  us,  confili  of  more 
than  20,000  maggots,  arranged  lengthways 
by  the  fide  of  each  other. 

XIII.  I am  obliged  to  Meffrs.  de  Reaumur 
and  Nollet,  for  thofe  little  breeches  of  waxed 
taffety,  which  they  contrived  for  the  male  of 
a certain  fpecies  of  the  frog,  in  order  to  dis- 
cover the  manner  in  which  he  impregnates 
the  female,  and  I am  not  lefs  obliged  to  you 
for  the  repetition  of  this  ingenious  experi- 
ment. The  male,  which  you  cloathed  with 
fuch  breeches,  did  not  accomplifh  the  im- 
pregnation of  the  female,  becaufe  the  femen 
was  intercepted.  Since  this  liquor  impreg- 
nated artificially  the  tadpoles  to  which  you 
applied  it,  there  can  be  no  doubt  but  that  it 
Was  real  femen. 

XXVI.  You  are  then  of  opinion,  that  the 
fufpicion  I intimated  in  this  article  is  not 
without  foundation.  I learn  from  this  para- 
graph of  your  letter  a new  truth,  “ that  in 
the  tree-frog,  the  tad-poles  are  fome^ 
times  found  fecundated,  though  they  remain 
as  yet  in  the  redtum  ; whether  this  happens 
in  confequence  of  the  femen  infmuating  iN 
felf  into  the  orifice  of  that  gut,  or  becaufe 
the  tadpoles,  fcarce  out  of  the  redtum,  and 
already  moiffened  by  the  femen,  are  perhaps 
drawn  into  it  by  the  motions  of  the  female  at 
the  inftant  fhe  is  furprized  by  the  obferver.” 
Both  thefe  explanations  appear  much  more 
probable  than  mine. 
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LXXV,  LXXVI.  I am  always  a great 
gainer,  when,  according  to  your  Willies,  I 
point  out  ta„*you  new  experiments  to  make. 
You  have  then  made  upon  the  fecundated 
eggs  of  fifties  that  which  I indicated,  (Art. 
418.  Corps  organ.)  : in  order  to  afcertain, 
whether  thefe  eggs  might  be  kept  in  the  dry, 
like  thofe  of  the  tufted  polypus  ; and  you 
have  found,  that  they  do  not  poffefs  this  pri- 
vilege. Your  various  ways  of  proceeding, 
permit  me  not  to  doubt  of  the  truth  of  the 
refult.  You  have  carried  this  experiment 
ftill  farther  to  the  fecundated  embryos  of 
frogs  and  toads,  and  you  have  found,  that 
they  do  not,  any  more  than  the  eggs  of  fifties, 
poffefs  the  property  of  keeping  in  the  dry. 
My  hypothecs  then,  with  refpeft  to  the.  re- 
peopling of  dried  ponds,  is  infupportable  : 
but  may  not  this  privilege,  which  hath  been 
refufed  to  the  eggs  of  fifties,  have  been  ac- 
corded to  fifties  themselves  in  the  ftate  of  in- 
fancy, or  at  fome  other  period  of  their  life, 

I am  very  defirous  of  knowing  the  copjèdturè 
you  fubftitute  inftead  of  mine,  arid  which 
you  intend  to  explain  in  your  work.  Reading 
this  paffage  over  again,  I perceive  a circurn- 
ffapce  that  had  efcaped  me  -,  you  fay,  “ that 
you  left  your  fifties  eggs  to  dry  in  the  ftade, 
fome  times  on  the  mud , where  you  found  them, 
and  fometrmes  in  vefiels.”  But  may  not  the 
fecundated  eggs  of  fiftes  require,  like  the 
Rotifer , to  be  covered  with  fand,  in  order  to  be 
preferved  in  the  dry  ? I can  fcarce  fuppofe,  that 
you  neglected  covering  them  with  the  mud  on 
which  they  weré  laid  by  the  female,  well 
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knowing,  that  in  your  experiments  you  ne- 
gledt  nothing  (a). 

LXXX.  Your  account  of  the  Angular  man- 
ner in  which  the  male  newt  impregnates  the 
female  has  afforded  me  great  pleafure  ; the 
whole  was  entirely  new  to  me.  The  newt 
is  then  very  chafte  in  his  amours  ; no  true 
copulation  takes  place  between  the  two  indivi- 
duals ; only  a few  careffes  on  the  part  of  the 
male,  which  prepare  the  female  for  fecunda- 
tion. The  male  darts  his  femen  into  the 
water;  it  forms  a little  whitilh  cloud,  which 
furrounds  the  open  and  fwoln  anus  of  the  fe- 
male, and  die  is  fecundated.  What  pity, 
that  the  poets  were  unacquainted  with  the 
chafte  amours  of  this  animal — their  fidtions 
would  have  derived  great  advantage  from  the 

Ihiftory.  That  of  Zephyr  and  Flora  bears  a : ; 

ftrong  analogy  to  the  fecundation  of  the  palm  ; 
in  the  animal  kingdom,  I know  nothing 
which  refembles  it  more  than  the  impregna- 
tion of  the  newt.  That  of  marine  plants^ 
approaches  ftill  nearer,  the  male  does  not  i 
emit  a fine  powder,  but  a liquor,  which,  in 
like  manner,  forms  a little  cloud  iq  the 
water.  i 

Your  citation  of  Bomare’s  Dictionary,  has 
induced  me  to  read  the  article  Newt,  which 
I had  never  before  confili  ted,  Mr.  Demours,  , 
X fee,  feems  to  have  made  the  fame  obferva- 

(a)  Mr.  Bonnet’s  opinion  of  me  is  too  favourable; 
for  in  truth  I was  not  aware  of  this  precaution.  But 
were  it  employed,  I do  not  think  it  very  probable,  that 
the  eggs  of  fifties,  and  the  fetufes  of  frogs  and  toads  could 
'be,  preferved.  The  thing  is  however  poffibly,  and  thy* 
experiment  ought  to  be  repeated  with  this*  circumftance, 
which  f propoli;  to  do  when  ■ I have  an  opportunity. 
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tions  as  you,  refpedting  the  fingular  mode  of 
impregnation  in  this  animal.  But  naturalifts 
will  rely  more  upon  you,  and  it  required  to 
be  verified  by  an  obferver  of  your  eminence. 
Du  Fay’s  remark  alfo  concerning  the  pre- 
fence of  the  gills,  when  newts  are  young, 
and  their  dilappearing  totally  afterwards, 
drew  my  attention.  I had  oblerved  the  fame 
thing  with  furprize,  but  never  mentioned  it, 
for  I was  defirous  of  obferving  it  again,  but 
never  did.  Thefe  gills  are  a great  ornament 
to  the  young  newt.  Du  Fay  was  aware  of 
the  organization  of  the  epidermis,  mentioned 
in  my  firft  Memoir  ; and  if  I had  been  ac- 
quainted with  the  pafiage  of  this  academician, 
I would  have  taken  notice  of  it. 

Since  the  femen  of  the  male  is  always 
mixed' with  water,  I fee  the  realon  why  ar- 
tificial fecundation  does  notfucceed  with  pure 
I femen.  The  obferver  mull  imitate  nature  and 
dilute  it  with  water.  I fuppofe  with  you, 
that  the  very  thick  feed  of  the  newt  requires 
dilution,  in  order  to  effedt  both  natural  and 
artificial  fecundation.  In  like  manner,  the 
wifdorn  of  Nature  has  found  the  means  of 
diluting  the  human  femen  by  the  lymph, 
which  fo  many  veflels  pour  into  the  tefticles 
and  the  feminal  veficles.  Phyfiologifts  tell 
us  wonderful  things  on  this  fubjedt. 

Few  fpedtacles  are  fo  engaging  to  the  phi- 
lofophic  obferver,  as  that  prefènted  by  the 
amours  of  animals,  and  the  various  means  by 
which  the  Author  of  Nature  has  ordained 
that  they  fhould  preferve  their  fpecies. 
Should  fome  able  phyfiologifi  ever  undertake 
to  compofe  a complete  hiftory  of  generation, 
fre  would  undoubtedly  begin  by  a delineation 
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of  the  amours  of  animals  and  plants;  and  if 
he  fhould  be  as  great  painter  as  the  illuftrious 
Buffon,  hé  will  be  able  to  engage  the  under- 
ftanding,  without  gi  ving  any  alarm  to  lhodefly; 
he  will  produce,  not  a phyfical Venus  (a),  but 
a phy ficai  Minerva.  There  is  room  for  fup- 
poling,  that  the  different  modes  of  fecunda- 
tion, obfervable  in  different  animals,  are  pro- 
portional to  the  degree  of  fenfation  accorded 
to  each  fpecies,  or,  what  amounts  to  the 
fame  thing,  to  their  capacity  for  enjoyment. 
What  difference  in  this  refpedt  between  the 
fifh  or  newt,  and  the  ape,  the  flag,  or  dog; 
and  in  the  imperial  race  of  man,  how  is  the 
phyfical  part  modified  by  the  moral  ! 

It  is  certainly  very  remarkable,  that  am- 
phibious animals,  luch  as  toads  and  the  tree- 
frog,  never  depofit  their  embryos  on  dry 
ground,  where  they  muft  infallibly  perifh, 
and  that  they  always  take  care  to  depofit  them 
in  water,  their  natural  element.  You  even  give 
me  to  underhand,  that  they  do  not  lay  them  in 
the  firfl  water  they  find,  that  they  never  make 
the  dilcharge  in  running  Waters,  which  would 
carry  the  young  away,  and  not  fupply  them 
with  proper  food  ; but  that  they  conflantly 
depofit  them  in  flagnant  waters,  where  the 
little  tadpoles  are  hot  expofed  to  concufiion, 
and  where  they  are  always  fur  rounded  by 
proper  food.  This  kind  of  inflmdi  very 
nearly  imitates  forefight,  and  attains  its  end 
equally  well.  But  linee  we  cannot,  in  this 
cafe,  admit  real  forefight,  which  belongs  ex- 
clufively  to  reafon  or  intelligence,  it  remains 

(rt)  Venus  Pbyfique , the  title  of  a book  written  by  M. 
Maupertuis.  T. 
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to  be  afcertained,  how  our  amphibious  ani- 
mals are  fo  unerringly  determined  to  quit  the 
ground,  for  the  fake  of  laying  their  eggs  in 
dormant  waters.  The  female,  I fhould 
imagine,  prefled  by  the  delire  of  laying,  mull: 
feel  a certain  internal  fenfation,  which  ren- 
ders her  abode  on  dry  ground  painful,  and 
infpires  her  with  the  defire  of  gaining  the 
water  j and  fince  dagnant  waters  are  not  fo 
Cold  as  running  waters,  this  may,  perhaps, 
be  the  reafon  why  die  prefers  the  former,  not 
for  the  fake  of  her  young,  of  which  Dae  can- 
not have  any  knowledge,  or  forefee  the 
wants  : for  it  is  thus  that  Nature  hath,  on  all 
occafions,  provided  for  the  necelfities  of 
young  animals  ; die  has  found  means  to  con- 
ned: their  wants  with  thofe  which  the  parents 
mud  feel  in  certain  circumdances.  Your 
memory  mud  fugged  fo  many  indances,  as 
to  render  it  unneceflary  for  me  to  point  them 
out.  Befides  I fee  you  entirely  agree  with 
me,  with  refped  to  the  forefight  and  intel- 
ligence, attributed  fo  gratuitoudy,  and  1b 
unphilofophically  to  brutes. 

XCVII,  XCVIII,  XCIX.  I knew  not, 
that  your  illudrious  compatriot  Vallifneri 
had  entertained  the  fame  idea  as  myfelf,  con- 
cerning the  effed  of  the  long  continued  em- 
braces of  male  frogs  and  toads.  Nor  did  I 
recoiled  that  Swammerdam,  on  the  contrary, 
had  fuppofed,^  that  fo  far  from  facilitating 
the  panage  of  the  eggs  into  the  tubes,  they 
rather  ferve  to  hinder  it.  I Ihould  not  then 
have  known,  which  fide  to  have  taken  be- 
tween thefe  two  great  authorities,  if  Nature 
herfelf  had  not  pronounced  her  decifion  from 
your  lips.  You  inform  me,  that  the  opinion 


L E ,.T  TER  IL 


236 

of  Swammerdam,  that  the  females  are  not 
embraced  by  the  males,  until  the  eggs  have 
already  traverfed  the  tubes,  is  not  generally 
true;  that  it  holds  only  in  the  tree-frog,  and 
by  no  means  in  the  aquatic  frog  and  in  toads, 
but  that  Vallifnieri  is  right  with  refpedt  to 
the  green  aquatic  frog.  In  this  cafe  then, 
no  general  rule  can  be  eftablilhed,  as  you 
very  properly  remark,  and  we  mud  wait  till 
new  refearches  have  increased  the  number  of 
fadts.' 

CII.  Mr.  Demours  had  raided  our  curiofity 
to  a very  high  pitch,  by  his  account  of  the 
addrefs  of  the  male  toad  in  amfting  the  fe- 
male in  bringing  forth.  His  details  were  fo 
cifcttmftantial,  that  the  truth  of  the  fidi  ap- 
peared to  be  un  q ue  ft  i on  ab  l’è,  and  I hentated 
not  to  make  ufe  of  it  in  the  Contemplation. 
But  it  is  really  very  lingular,  that  neither 
you,  my  worthy  friend,  nor  Mr.  ‘Roefel, 
iliould  have  ftirprifed  any  male  toad  in  this 
interefting  employment.  This  would  appear 
to  weaken  the  credit  due  to  the  recital  of  the 
French  obferver,  if  teftimonies  limply  nega- 
tive could  impair  the  moll  politive  affirma- 
tion. Mr.  Demours  ought,  as  you  obferve, 
to  have  lb  defcribed  his  toad,  that  we  might 
have  known  to  what  fpecies  it  belonged. 

CV,  CVT.  Your  doubts,  with  refpedt  to 
the  manner  in  which  the  impregnation  ol 
fcaly  fìlli  is  effected,  are  well  founded,  and 
we  have  both  reafoned  properly  upon  this 
fubjecl,  by eftirnating  the  authorities  on  either 
ftde,  We  know  at  leaft,  from  the  experi- 
ment of  Mr.  jacobft  that  ftmple  difperfion  in 
water  is  fufficient  for  the  impregnation  of 
the  eggs.  Your  idea  of  employing  the 
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Chinefe  gold  fifties  to  clear  up  the  queftion, 
to  me  appears  excellent,  and  I cannot  prefs 
you  too  warmly  to  realize  it. 

You  will  fee  much  more  in  a day,  than  all 
preceding  naturalifts  have  ever  obferved. 
How  many  interefting  queftion  s,  yet  unde- 
termined, might  be  decided  by  the  moll: 
fimple  experiments  ? The  mind  has  always  a 
greater  tendency  to  imagine  and  reafon,  than 
to  obferve  and  make  experiments.  To  what 
a train  of  reafoning  had  Digeftion  given  rife, 
before  Reaumur  and  Spallanzani  fet  this 
function  in  the  cleared;  light  by  their  fine 
experiments. 

CXXIII,  CXXIV.  You  adopt  then  with  me 
the  Hallerian  dottrine  of  embryos  lodged  in 
, the  ovarium,  or  in  the  upper  part  of  the  tubes 
of  our  amphibia,  which  cannot  be  fecundated 
, artificially.  But  you  afiign  another  caufe  of 
the  faót,  which  I fufpeóted  not,  but  which  ap- 
pears to  me,  not  lei's  than  to  you,  to  contri- 
bute to  produce  it  ; fince  the  glairy  matter  is 
the  firft  nutriment  of  the  fecundated  embryo, 
and  fince  this  matter  does  not  envelop  thole 
contained  in  the  ovarium,  or  the  upper  part 
of  the  tubes,  it  is  evident,  that  even  if  the 
femen  could  impregnate  them  artificially, 
they  would  loon  peri  ih  for  want  of  nourifh- 
ment.  Your  experiments  on  this  fubjeót 
leave  nothing  to  be  wilhed,  fince  the  em- 
bryos you  have  entirely  dripped  of  their 
gluten  could  never  be  impregnated,  while 
thofe  which  were  only  partially  deprived  of 
it,  were  almoit  all  fecundated.  I know  not 
whether  naturalifts  before  you,  knew  the 
I true  ufe  of  this  matter. 
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CXXXIV.  The  blood  of  amphibious  ani- 
mals, their  faliva,  the  juice  extracted  from 
their  liver,  lungs,  kidneys,  their  urine  and 
ours,  are  then  the  different  liquors  with 
which  you  have  conceived  the  idea  of  mixing 
the  femen.  To  thefe  you  have  added  vine- 
gar, and  none  of  the  mixtures  have  deprived 
the  femen  of  its  prolific  virtue.  You  have 
only  obferved,  that  when  the  urine  and  the 
vinegar  were  in  too  great  abundance,  fecun- 
dation did  not  take  place;  I doubted  not  but 
that  you  would  think  with  me,  that  the  fe- 
men is  not  decompol'ed  by  thefe  mixtures. 
But  they  admirably  prove  the  affonifhing 
energy  of  this  fecundating  liquor.  They 
may  further  ferve  to  guide  you  to  difcover, 
which  of  the  animal  liquors  hath  the  greateff 
analogy  with  the  femen  : for  that,  which  in 
equal  portion  fhould  leaft  impair  the  virtue  of 
the  femen,  might  juffly  be  prefumed  to  be 
moft  analogous  to  it;  and  this  would  not  be 
without  its  ufe,  in  inquiries  into  the  conflitu- 
ent  parts  of  the  femen. 

CXLIII.  It  affords  me  great  pleafure  to 
find,  that  we  have  both  had  recpurfe  to  the 
fame  comparifon,  in  order  to  ill  uff  rate  the 
prolific  power  of  femen  incorporated  in  very 
fmall  quantity,  with  a very  large  mafs  of 
water.  Your  example,  taken  from  the  poifon 
of  a viper,  of  which  à very  little  drop  often 
proves  fatal  to  a great  animal,  is  not  either 
lefs  appropriated  or  lefs  inffrudtive.  Hence 
you  have  good  reafon  for  faying,  that  we  can- 
not be  furprifed,  that  a very  fmall  portion  of 
femen  fhould  be  fufficient  tp  anirpate  the 
Heart  of  the  embryo. 
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The  very  fudden  action  of  certain  poifons, 
fuch  as  the  venom  of  the  viper,  afford  room 
for  prefuming,  that  it  is  chiefly  the  nervous 
fluid  that  is  affedted.  You  remember  Reau- 
mur’s curious  experiments  with  American 
poifoned  arrows.  A bear  pricked  with  one 
of  them  died,  I think,  in  half  a minute. 

CXLIV,  CXLV.  In  this  article,  you  fur- 
nifh  me  with  a detail  of  the  manner  in  which 
you  have  proceeded  in  your  artificial  fecun- 
dations. I entirely  approve  of  it.  It  is  furely 
very  lurprifing,  that  an  embryo  touched  with 
the  point  of  a needle,  which  has  been  dipped 
in  a mixture  of  three  drops  of  femen,  and 
I eighteen  ounces  of  water,  and  which  takes  up 
i a drop,  meafuring  i~50th  of  a line,  fhould 
have  been  developed  as  perfedtly  and  fpeedily 
as  other  embryos  which  were  immerfed  in 
femen.  Your  reflediion  on  this  occafion  is 
very  juft;  Ance  fo  finali  a drop  of  femen, 
mixed  with  fo  large  a quantity  of  water,  is 
fuflicient  to  animate  the  embryo,  it  is  very 
natural  to  infer,  that  the  furplus  furnifhed  by 
the  male  does  not  concur  in  the  operation.  But 
Nature  is  never  fparing  in  what  concerns  the 
propagation  of  the  fpecies  : fhe  is  determined 
not  to  mifs  her  aim,  and  fhe  would  run  the 
rifle  of  miffing  it  by  too  great  ceeonomy. 
She,  perhaps,  alfo  has  an  eye  to  the  pleafure 
the  male  receives  from  fruition  ; for  emiffion 
is  without  a doubt  a pleafing  fenfation  to 
him,  and  this  kind  mother  is  defirous  that  all 
her  children  fhould  find  enjoyment;  otherwife 
too  the  male  would  want  an  incentive. 

CLIi.  You  eafily  conceive,  my  dear  phi- 
ilofpher,  all  the  attention  I have  paid  to  this 
B interefiing 
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interelHng  palfage  of  your  letter.  I imagined, 
that  I beheld  with  you  the  fmall  pores  in  the 
cover  of  the  embryo,  contrived  for  the  in- 
troduction of  the  femen.  Your  details  on 
this  point  fully  prove,  that  you  have  not 
buffered  yourfelf  to  be  impofed  upon  ; and 
that  thefe  little  mouths,  of  which  I had 
fulpeCted  the  exiftence,  are  certainly  to  be 
found  : and  lìnee  they  are  difperfed  over  the 
whole  cover,  and  this  cover  is  perforated  like 
a lieve,  it  can  no  longer  be  matter  of  fur- 
prife,  that  fecundation  fucceeds  equally  well, 
wherever  the  embryo  is  touched  with  the 
needle,  after  it  has  been  dipped  in  the  femen. 
The  queftion  now  is,  whether  fuch  apertures 
exill,  in  the  covers  of  the  embryos  of  every 
fpecies  ; and  how  probable  is  this,  after  all 
that,  has  been  difeovered  concerning  the  myf- 
tery  of  fecundation  : I do  not  then  doubt, 
and  I have  never  doubted,  that  if  the  germ  , 
of  the  pullet,  of  the  lamb,  of  the  calf,  were 
as  perceptible  as  the  tadpole,  you  would  de- 
tect abforbent  pores,  fimilar  or  analogous  to 
thofe  in  the  embryo  of  your  amphibia.  I would 
alk,  if  we  have  not  the  Itrongelt  proofs  that 
fecundation  is  effected  from  without,  and  if 
it  be  thus  effected,  is  it  not  necefiary,  that 
there  fhould  be  little  pores  prepared  for  the- 
reception  of  the  fecundating  liquor?  Thefe 
abforbent  pores  and  their  dependencies  con- 
tain, without  doubt,  anatomical  peculiarities, 
which  we  fhould  admire,  if  we  were  per- 
mitted to  defeend  to  bottom  of  the  abyfs. 
Each  pore  is  probably  the  orifice  of  a velfiel 
communicating  with  the  heart,  &c. 

CLVIIX.  I now  come  to  the  moft  curious 
and  important  article  of  your  excellent  let- 
ter. 
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ter.  I fufpedted  not,  I own,  that  you  had 
already  fucceeded  in  the  artificial  impregna- 
tion of  the  female  of  a large  animal,  by 
means  of  a fmall  fyringe,  a project  I men- 
tioned in  my  lab  letter.  This  is  one  of  the 
mob  important  and  interebing  difcoveries, 
that  have  prefented  themfelves  to  the  no- 
tice of  naturalibs  and  philofophers  fince  the 
creation  of  the  world.  Your  mode  of  pro- 
ceeding, and  your  fcrupulous  attention  to 
ebablilli,  in  the  mod;  rigorous  manner,  the 
truth  of  this  artificial  impregnation,  put  it 
beyond  all  controverfy.  I had  no  occafion 
for  your  lecond  letter  of  Dec.  15,  to  be  af- 
lured,  that  you  had  neglected  nothing  to  ob- 
viate the  mod  fubtle  objection.  Your  bitch 
was  then  clofely  penned  up  for  twenty- three 
days  before  the  operation:  on  the  13th  fhe 
began  to  be  in  heat  ; on  the  23d  you  injecded 
the  femen,  and  you  kept  her  in  clofe  con- 
finement twenty-five  days  longer;  on  the 
lixty-fecond  after  the  injection,  fhe  brought 
forth  three  whelps  well  conditioned,  very 
lively,  and  refembling  both  the  dam  and  the 
dog  which  had  fupplied  the  fecundating  li- 
quor. Nothing  can  be  more  exacd  or  better 
! afcertained  ; nothing  can  be  finer  or  more 
original  than  this  experiment.  I congratu- 
late you  fmcerely  on  your  fuccefs,  and  what 
adds  greatly  to  it  is,  that  it  was  obtained  with 
lefs  than  thirteen  grains  of  femen.  This  ex- 
periment agrees  perfectly  well  with  thofe 
which  you  have  executed  on  amphibious  ani- 
mals, and  we  have  good  reafon  for  inferring, 
that  the  dofe  of  femen  which  produces  fe- 
cundation in  large  animals,  is  very  incon— 
fiderable.  I even  prefume,  if  you  could  ef- 
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fed:  the  fecundation  of  the  embryos  of  a 
large  animal  in  the  ovarium,  by  the  procefs 
I pointed  out  to  you,  you  would  obtain  the 
fame  refuits  as  the  amphibia  afforded  ; and 
that  a drop  of  femen  i~5oth  of  a line  in  dia- 
meter, would  be  fufficient  to  animate  the 
embryo. 

You  are  now  in  poffeffion  of  a fure  and 
eafy  way  of  afcertaining  what  lpecies  can  pro- 
create together;  and  the  experiments  you 
propofe  attempting  next  fpring,  by  putting 
your  voluptuous  fpaniel  in  the  company  of 
cats  and  rabbits,  promife  not  fo  fair  as  thole 
which  you  will  make,  by  introducing  the 
femen  of  this  fpaniel  into  the  uterus  of  a doe- 
rabbit  and  a Ihe-cat,  and  on  the  other  hand, 
by  introducing  the  femen  of  the  male  rabbit 
and  cat  into  the  uterus  of  a bitch.  You  hold 
in  your  hand  a precious  clue,  which  will  guide 
you  to  the  moft  important  and  unexpected 
difcoveries.  I know  not,  whether  what  you 
have  now  difcovered,  may  not  one  day  be  ap- 
plied in  the  human  fpecies  to  purpofes  we 
little  think  of,  and  of  which  the  confe- 
quences  will  not  be  trivial.  You  conceive 
my  meaning  : however  that  may  be,  I con- 
lider  the  myftery  of  fecundation  as  nearly 
cleared  up.  What  remains  principally  to  be 
difcovered,  is  the  formation  of  the  mule, 
and  what  occafions  the  different  marks  of  re- 
femblance  between  children  and  their  pa- 
rents; and  this  brings  me  to  your  CLIXth 
article. 

CLIX.  You  do  me  great  honour,  my  dear 
affociate,  by  fufpending  your  judgment  be- 
tween Haller  and  me,  with  refpedt  to  the 
manner  in  which  the  mule  is  formed.  W hat  ! 

did 
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did  not  the  authority  of  the  great  Haller,  in 
your  eftimation,  overbalance  mine,  which  is 
fo  much  lefs  weighty  ? I would  not  have 
heiitated  a Tingle  moment  to  admit  with  him, 
that  the  femen  ads  merely  as  a fimple  ftinui- 
lant,  could  I have  accounted  for  the  conver- 
fion  as  it  were  of  the  horfe  into  the  mule. 
His  hypothecs,  from  its  greater  fimplicity, 
is  more  acceptable  to  the  mind.  But  is  it 
lufficient  in  all  cafes  ? In  order  to  account 
for  the  formation  of  the  great  mule , is  it 
enough  to  fay,  that  the  femen  of  the  afs  is 
a more  powerful  ftimulant  than  that  of  the 
horfe;  and  that  hence  it  fo  much  elongates 
the  ears  of  the  embryo  contained  in  the  ova- 
rium of  the  mare;  for  how  then  comes  a 
part  of  the  embryo’s  tail  to  be  obliterated  ? 
Why  is  its  crupper  fo  llender  ? and  above 
all,  whence  comes  the  larynx  fo  differ- 
ent from  that  of  the  horfe,  and  fo  nearly  re- 
fembling  that  of  the  afs  ? I cannot,  I own, 
conceive  that  the  inflantaneous  adion  of  a 
drop  of  femen  on  the  heart  of  the  embryo 
can  produce  effeds  fo  great,  fo  permanent; 
and  on  the  other  hand,  I have  againft  me 
the  complication  of  my  own  hypQthefis,  of 
which  the  expofition  required  a long  feries  of 
propofitions,  which  make  it  appear  dill  more 
complex,  and  not  to  be  comprehended,  but 
by  readers  of  great  attention  and  much  ac- 
cuftomed  to  analytic  dedudions.  Hence 
many  have  committed  ft  range  miftakes,  with 
refped  to  my  principles  and  their  application. 

There  is  allò  another  circumftance,  which 
feems  to  militate  againft  my  hypothecs;  this 
is  the  very  trifling  portion  of  femen  which 
is  fufficient  for  generation;  it  is  not  eafy  to 
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comprehend  how  a drop  of  femen,  fo  difpro- 
portionate  to  the  whole  body  of  the  embryo, 
can  ferve  for  its  fLrft  aliment.  But  this  dif- 
ficulty preffes  on  Halier  as  much  as  upon  me; 
for  it  evidently  implies,  that  one  kind  of  femen 
adts  with  more  force  than  another  on  certain 
parts,  and  occafions  a more  ample  evolution  * 
that  the  femen  of  the  afs,  for  inlfance,  im- 
pels the  blood  with  greater  violence  into  the  ar- 
teries of  the  ear  ; thefe  are  his  own  terms  : 
he  admitted,  therefore,  that  the  femen  of  the 
afs  arrives  at  the  arteries  of  the  ears  of  the  em- 
bryo of  thehorfe,  how,  otherwife,  could  the 
fimple  adtion  of  this  femen,  on  the  heart  of  the 
embryo,  propagate  its  impreffion  to  the  ears, 
and  caufe  fo  exceffi  ve  an  evolution  of  them  ? 
Befides,  how  come  the  ears  to  be  the  only 
part  of  the  head  which  grow  to  fuch  a pro- 
digious length,  fince  all  partake  alike  in  the 
impulfe  of  the  heart.  Further,  Haller  fpeaks 
of  the  power  poffeffed  by  the  femen,  of  oc- 
cafioning  the  growth  of  the  beard,  and  of 
lengthening  the  tufks  of  the  elephant  and  the 
wild-boar  : he  adds,  if  it  has  this  power  of 
promoting  a greater  growth  in  certain  parts 
of  the  body  which  prepares  it,  than  in  others, 
it  may  have  the  fame  effedt  on  the  body  of  the 
fetus  which  it  animates.  Would  not  this 
ferve  to  ffiew,  that  our  author  tacitly  fup- 
pofes  a difperfion  of  the  femen  through  the 
whole  body  of  the  embryo  ? I fuppofe  the 
fame  thing;  and  you  have  no  greater  diffi- 
culty than  mylelf,  in  conceiving  the  prodi- 
gious divi  fi  on  of  which  a drop  of  femen  is 
fufceptible.  What  we  know  of  the  divisi- 
bility of  matter  Smooths  this  difficulty.  It 
is  much  to  be  regretted,  that  our  great  phy- 
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fiologift  confined  himfelf  to  mere  generalities 
on  this  fubjed,  and  that  he  did  not  apply  his 
hypothecs  to  the  explanation  of  the  princi- 
pal peculiarities  offered  by  the  mule.  “ It  is 
true,  fays  he,  my  anfwer  does  not  explain 
the  mode  or  the  mechanifm  by  which  the 
femen  of  the  male  excites  the  germ  of  the 
ear,  and  caufes  fo  large  an  evolution  of  it. 
But  I am  not  obliged  to  explain  this 
mechanifm,  provided  my  fads  are  well 
eftablifhed.  The  influence  of  the  femen. 
on  the  growth  of  the  beard  and  horns  is 
demonftrated,  though  the  manner  may  be 
perhaps  for  ever  unknown.  It  is  fufficient 
to  fhew,  that  there  is  a certain  power  in  the 
femen  of  the  male,  which  determines  the 
growth  of  the  fetus,  fo  that  certain  parts 
come  to  be  more  developed  : It  would  not  be 
more  juft  to  demand  an  explication  of  the 
mechanifm  by  which  this  is  brought  about, 
than  the  reafon,  why  the  abforption  of  the 
femen  of  the  male  produces  the  growth  of 
the  beard.” 

I fhould  have  efcaped  much  labour,  if  in 
imitation  of  my  illuftrious  friend,  I had  con- 
tented myfelf  with  repeating,  that  the  femen 
of  the  male  has  a certain  power  to  caufe  a 
greater  developement  of  certain  parts.  But 
fo  vague  an  explanation  not  fatisfying  me,  I 
have  endeavoured  to  analyfe  fads,  and  from 
this  analyfis  I have  fought  a folution,  which 
might  be  applicable  to  the  moft  eflential 
peculiarities  of  thele  fads.  In  a word,  I 
have  fuppofed  that  the  ftrong  traces  of  re- 
femblance  between  the  mule  and  afs,  implied 
in  the  femen  of  the  latter,  fomething  more 
than  a Ample  ftimulating  power  : am  I de*- 
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ceived,  think  you,  in  this  conclufion,  and 
are  you  inclined  to  believe,  that  a fimple  fti- 
mulating  power  is  fufficient  for  the  whole  ? 
I cannot  yet  prefume  fo  much,  but  it  is  very 
poffible,  that  a more  fatisfadtory  hypothclis 
than  mine  may  be  imagined,  and  I will  be 
the  firft  to  adopt  it. 

CLXVII.  You  have  done  every  thing  you 
poffibly  could,  in  order  to  detedl  the  real 
nature  of  the  femen  of  your  amphibious  ani- 
mals. It  is  not  then  either  vifcous  or  in- 
flammable, acid  or  alkaline  ; and  yet  how 
wonderful  is  its  energy  ! It  evaporates  like 
water,  and  it  is  very  well  worth  remarking, 
that  its  mod  volatile  part  is  precifely  that 
which  is  unfit  for  fecundation.  This  part, 
in  all  appearance,  is  only  lymph,  or  rather 
fimple  ferum,  appointed  to  prevent  the  too 
great  vifcidity  of  the  fecundating  part.  It 
would  be  an  interefting  employment  to  carry 
on  thefe  relearches  to  the  femen  of  large  ani- 
mals : they  have  not  been  pufhed  fo  far  as 
they  ought.  Nor  would  it  be  lefs  interelling 
to  know,  whether  the  femen  of  large  ani- 
mals incorporated  like  that  of  your  amphibia, 
with  a great  quantity  of  water  or  other  li- 
quors, would  in  like  manner  preferve  its 
energy.  The  happy  experiment  made  on 
your  bitch,  points  out  the  path  that  fhould 
be  followed  in  order  to  afcertain  this  point. 
The  feed  has  been  conftituted  in  a fecret 
relation  to  the  nature  of  the  power  which 
caufes  irritability,  fince  it  is  defined  to 
increafe  the  operation  of  this  power;  but 
we  have  not  yet  fufficient  knowledge  of  the 
nature  of  irritability.  I would  not,  how- 
ever, venture  to  affirm,  that  there  does  not 
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exift  in  nature  fome  other  liquor  befides  fe- 
men,  capable  of  caufing  the  evolution  of  the 
germ.  Who  knows,  if  the  powder  of  the 
ftamina  of  certain  plants,  may  not  make  fome 
impreflion  on  certain  germs  belonging  to  the 
animal  kingdom  ? This  is,  if  you  pleafe,  a 
filly  idea,  but  I lay  before  you  every  thing 
which  pafles  through  my  brain.  I could 
wifh,  that  the  powder  of  the  ftamina  of  the 
barberry  might  be  tried,  in  which  their  fetid 
and  penetrating  fmell  feems  to  announce 
great  energy.  Animals  and  vegetables  com- 
pofe  but  one  family,  and  their  analogies  are 
very  numerous.  Inverted  experiments  of 
this  nature  ought  to  be  attempted,  for  it  is 
only  by  infinitely  multiplying  the  combina- 
tions of  beings  that  our  knowledge  increafes. 
I am  always  a little  miftruftful  of  our  general 
conclufions,  however  apparently  well  found- 
ed, becaufe  our  premiles  are  always  more  or 
lets  particular. 

Thus,  my  dear  friend,  I have  gone  over 
all  the  paragraphs  of  your  excellent  letter* 
and  I wifh  my  reflections  may  afford  you  fa- 
tisfaCtion. 

I began  this  long  letter  the  9th  of  De- 
cember, and  it  has  employed  me  till  this  day, 
the  10th  of  January.  If  you  fend  me  any  ac- 
count of  your  new  experiments  on  the  gene- 
ration of  plants,  I fhall  be  able  to  make  ufe 
of  it  at  the  end  of  Part  the  Xth,  provided  it 
does  not  come  too  late. 

My  wife  was  very  fenfible  to  the  politenefs 
of  your  obliging  recolle&ion  of  her.  She 
defires  me  to  prefent  her  compliments  and 
congratulation  on  the  fuccefs  of  your  in- 
quiries. Her  health  is  rather  better  this  win- 
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ter  than  it  was  thelaft;  but  returns  of  the 
cholic,  from  time  to  time,  make  her  fuffer 
feverely. 

You  and  the  univerfity  have  loft  a great 
protestor:  but  I am  certain,  that  her  fuc- 
ceifor  will  patronize  the  arts  and  fciences. 
The  Guardian  Angel  of  Auftriar  T 


and  his  feeling  heart  will  be  de  J _ : 

of  it.  Prefent  to  that  Sage  frefti  aft'urances 
of  my  refpeót  and  unfeigned  wifties  for  his 
welfare.  Accept  yourfelf  the  vows  which 
I am  inceftantly  offering  for  you,  my  dear 
and  celebrated  friend,  and  entertain  as  much 
cfteem  for  me  as  I feel  for  you, 


Count  Firmian,  has  fuftained 


The  CGntemplator  of  Nature 


End  of  the  Letters. 
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CHAP.  V. 

GENERATION  OF  THE  PLANTS,  DENO- 
MINATED BY  LINNAUS  SPARTIUM 
JUNCEUM,  VICIA  FABA,  PISUM  SATI- 
VUM, DOLICI! OS  UNGUICULATUS. 

I.X  'I  J HOEVER  is  acquainted  with  Natu- 
VV  ral  Hiftory  cannot  be  ignorant,  that 
the  three  principal  fyftems  refpeóting  the 
generation  of  animals,  the  fyftem  of  the 
ov  arijls,  that  of  the  ver  miai  lifts,  and  that 
founded  upon  the  two  liquors , have  been 
transferred,  with  the  necefiary  modifications, 
to  plants.  Some  think,  that  the  embryos 
pre-exifi:  in  the  ovarium,  others  that  they 
are  tranfported  thither  in  the  impregnating 
powder,  and  others  believe,  that  they  are 
generated  in  the  ovarium,  by  the  combina- 
tion 
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tion  of  two  fecundating  principles,  the  one 
furnifhed  by  the  piftil,  the  other  by  the  la- 
mina. 

My  chief  purpofe  being  to  inveftigate  the 
generation  of  certain  plants,  I conceive  there 
can  be  no  better  way  to  arrive  at  truth,  than 
to  fix  my  attention  chiefly  upon  the  ovarium. 
That  I might  have  the  greater  chance  of  fur- 
prifing  Nature  in  her  operations,  I deter- 
mined to  examine  this  organ  at  three  dif- 
ferent periods;  before  fecundation,  at  the 
time  it  takes  place,  and  after  it  has  been  ef- 
fected; or,  what  amounts  to  the  fame  thing, 
after  the  afperfion  of  the  pollen.  I was 
therefore  obliged  to  examine  the  flowers 
while  they  were  yet  clofed,  when  they  were 
in  full  blofiom,  for  that  is  the  feafon  of  im- 
pregnation, and  aftqr  the  petals  had  dropped. 
I begin  with  the  fpecies  denominated  by  Lin- 
naeus and  others,  Spartium  Junceum , Rufhy- 
twigged  broom. 

II.  From  the  nature  of  this  plant,  as  well  as 
of  others  without  number,  the  flowers  of  the 
fame  branch  are  not  all  equally  forward,  fome 
being  in  the  Fate  of  a finali  bud, — thefe  are 
fituated  higheft  on  the  branch  ; others  already 
blown,  or  about*  to  blow, — thefe  occupy  an 
intermediate  fituation ; and  others  again  fallen 
or  falling, — thefe  grow  on  the  lowed  part. 
The  fame  branch  therefore  furnifhed  matter 
for  various  obfervations.  The  fmalleft  buds 
were  firfl:  to  be  examined.  They  are  per- 
fectly compatì:,  and  form  a folid  body,  fcarce 
a line  in  length.  If  they  be  dexteroufly 
opened  with  fine  infiruments,  the  petals  may 
be  difentangled  and  brought  into  view. 
They  are  of  a light  green,  without  any  tinge_ 
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of  yellow,  which  is  the  colour  of  the  ripe 
flowers.  When  the  petals  are  removed,  the 
ftamina  and  piftil,  the  organs  of  generation, 
come  into  view.  The  powder  of  the  an- 
theras  may  be  perceived  ; it  is  far  from  being 
ripe,  as  is  evident,  not  only  from  the  ex- 
treme minutenefs  of  the  granules  of  which 
it  is  compofed,  but  from  its  want  of  vola- 
tility, a property  it  eminently  pofleftes  when 
mature.  It  is  now  fixed  to  the  antherse  by 
means  of  aviicid  matter.  The  piftil,  extremely 
tender,  arifes  from  the  middle  of  the  flowers. 
If  its  bafe  be  freed  from  the  furrounding 
teguments,  and  attentively  examined  with  a 
glafs,  the  pod  may  be  feen  formed  about  -rV  of 
a line  in  length.  If  the  pod  be  examined 
externally,  feveral  tumours  may  be  feen  along 
the  fides,  which,  when  obferved  againft  the 
light,  are  found  to  be  produced  by  granules 
lodged  within  the  pod,  or,  as  I fhall  call  it, 
the  ovarium.  Upon  opening  the  ovarium 
longitudinally,  thefe  granules  are  found  to 
be  feeds,  of  very  finali  fize  and  round  fhape; 
they  are  diftributed  in  their  natural  order,  in 
fo  many  depreflions  or  fockets,  and  attached 
by  filaments  {appiccature)  to  the  infide  of 
the  ovarium,  juft  as  the  ripe  feeds  are  in  the 
ripe  and  dry  pods  of  the  plant.  Thefe  feeds 
are  not  found,  upon  di  Acéti  on,  to  confift  of 
an  external  cover,  and  a nucleus  compofed 
of  two  lobes,  with  a germ  or  plantule,  as  in 
their  mature  ftate;  but  they  exhibit  an  ap- 
parently homogeneous  fubftance,  fpongy, 
•and  like  a tender  jelly.  From  the  reafonable 
fuppofition  which  I formed,  that  thefe  are 
the  feeds,  it  follows,  that  they  exift  in  the 
o varia  at  leaft  twenty  days  before  the  flower 
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is  in  full  bloom,  or  in  other  words,  before 
fecundation.  Flowers  at  leaft  of  equal  fize 
of  another  branch,  growing  from  the  green 
Rem  of  the  fame  plant,  were  not  full-blown 
before  the  twenty-fifth  day. 

III.  The  diffeftion  of  feveral  buds,  larger 
by  about  one-half  than  the  preceding,  pre- 
fented  the  following  phsenomena.  The 
petals,  which  were  beginning  to  allume  a 
yellowilh  hue,  were  not  now  fo  clofe  and 
compad;  ; and  the  fecundating  powder  Rill 
adhered  to  the  fummits.  The  Ramina  were 
become  longer  and  thicker,  as  alfo  was  the 
piRil.  The  ovarium  was  not  fo  fmall,  and 
the  feeds  had  grown  in  proportion  ; their  fub- 
ftance  was  not  fo  gelatinous,  though  it  con- 
tinued ftill  homogeneous  and  fpungy. 

In  flowers  a little  further  advanced,  the 
only  difference  confifted  in  an  increafed 
fize  of  the  petals.  Ramina,  piRil,  and  feeds. 
Nor  was  there  any  elfential  change  when  the 
petals  were  expanded,  and  the  powder  of  the 
Ramina,  being  now  mature,  might  he  lhaken 
from  the  antherae  by  the  RighteR  agitation, 
and  diflfufed  itfelf  in  a cloud  through  the  air. 
In  the  feeds  I could  not  at  this  period  difco- 
ver  either  lobes  or  plantule,  but  they  were  of  a 
greenifh  colour  and  uniform  fubRance,  which 
was  fpungy  and  full  of  moiRure.  Yet  I could 
diftinguifh  the  lobes  and  plantule  in  the  ripe 
feeds  contained  in  thofe  pods,  which  had  ac- 
quired a black  colour,  and  were  grown  dry. 
it  was  therefore  necefiary  to  infer,  that  the 
two  lobes  and  the  plantule  are  either  gene- 
rated, or  rendered  vilible  during  the  ripening 
of  the  feeds.  Hence,  in  order  to  aifcover  the 
generation  or  the  appearance  of  thefe  parts,  I 
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y/as  obliged  to  continue  my  obfervations  till 
I had  gained  fome  fatisfa&ion  upon  this 
curious  and  intereding  point. 

I began  with  the  ovaria  or  pods,  from 
which  the  flowers  had  fallen  fome  time.  In 
ten  days  afterwards  there  was  no  difference. 
On  the  eleventh  fome  new  appearances  began 
to  take  place  in  the  feeds.  They  were  no 
longer  round,  but  refembled  an  heart,  of 
which  the  bafis  was  attached  to  the  pod  by 
an  appendix,  and  towards  the  apex,  when 
gently  comprelfed,  there  appeared  a whitifh 
point  in  motion.  When  the  heart  was  cut 
open  longitudinally  and  the  infide  infpedted, 
this  white  point  proved  to  be  a finali  cavity, 
inclofing  a drop  of  liquor,  which  had  been 
made  to  move  by  the  preffure  of  the  fingers. 

Twenty-one  days  after  the  pods  were 
dripped  of  their  flowers,  the  cavity,  which  at 
firn:  appeared  at  the  apex,  was  enlarged,  and 
extended  much  farther  towards  the  bafe  ; it 
v/as  full  of  a tranfparent  liquor,  with  which 
the  fpungy  fubftance  of  the  feeds  was  alfo 
moifl.  On  the  twenty-fifth  day  the  cavity 
v/as  more  enlarged,  and  dill  full  of  liquor  ; it 
moreover  contained  a very  finali  femi-tranf- 
parent  body,  of  a yellowifh  colour,  gelatinous, 
and  fixed  by  its  two  oppofite  ends  to  the  fides 
of  the  cavity. 

Ina  month  the  feed  was  much  enlarged,  and 
its  fhape  is  changed  from  a heart  to  a kidney  ; 
the  little  body  contained  in  the  cavity  is  in- 
creafed  in  bulk,  is  become  lefs  tranfparent 
and  gelatinous,  but  there  appears  no  fign  of 
organization. 

On  the  fortieth  day  the  cavity,  now  grown 
larger,  is  quite  filled  with  the  body,  which 

defervcs 
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deferves  to  be  more  particularly  examined. 
It  is  furrounded  by  a thin  membrane,  fome- 
what  vifcid  and  tender;  after  this  membrane 
is  removed,  the  body  appears  bare,  and  without 
any  other  teguments  ; it  is  of  a bright  green 
colour,  and  may  eafily  be  divided  by  the  point 
of  a needle  into  two  portions,  in  which  are 
manifefidy  recognized  the  two  lobes  ; within 
thefe  we  may  ealily  perceive  the  plantule  ex- 
ceedingly linai  1,  and  attached  to  the  lower 
part.  The  lobes,  together  with  the  mem- 
brane, are  afterwards  defended  by  a hulk  or 
Ikin,  which  forms  the  outfide  of  the  feed. 

The  reader  will  eafily  guefs  what  after- 
wards happened  to  the  pods  as  they  grew 
riper.  The  lobes  and  the  plantule  were  only 
more  and  more  developed,  and  by  degrees 
acquired  greater  firmnefs.  And  in  this  man- 
ner did  the  feeds  of  the  broom  arrive  at 
maturity. 

V.  The  foregoing  obfervations  Ihew,  i. 
That  the  feeds  of  this  fpecies  exill  in  the 
ovarium  many  days  before  fecundation.  2. 
That  they  remain  for  fome  time  folid,  and 
then  a cavity,  containing  a liquid,  is  formed 
in  them.  3.  That  after  fecundation  a body 
begins  to  appear  within  the  cavity,  fixed  by 
two  points  to  the  fides  ; and  when  in  procefs 
of  time  it  has  attained  a larger  fize,  it  proves 
to  be  the  two  lobes  incloling  the  plantule. 
4.  That  the  ripe  feed  confifts  of  two  lobes 
adhering  to  the  plantule,  and  furrounded  by 
a thin  membrane,  which  is  itfelf  covered  with 
a hulk  or  cuticle. 

Thefe  deductions  illuftrate  the  generation 
of  the  plant  in  question.  We  learn,  that  the 
embryos  do  not  appear  till  after  the  falling^ 
o of 
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of  the  flowers,  and  confequently  not  till  after 
fecundation,  though  the  feeds,  or,  to  fpeak 
more  properly,  the  integuments  of  the  feeds 
may  be  feen  long  before. 

VI.  Having  analyled  the  fructification  of 
this  fpecies  of  broom,  I proceeded  to  that  of 
the  common  bean.  Vieta  Faba.  I began  with 
thofe  which  had  the  final  left  bloifoms.  They 
appear  externally  of  a green  colour,  and  like- 
wife  internally,  if  the  tender  petals  be  un- 
ravelled; here  and  there,  indeed,  the  green 
approaches  to  a white.  The  ftamina  are  vi- 
fiblej  the  antherae,  infteadof  pollen,  exhibit 
a vifeid  gelatinous  fubftance.  The  piftil 
is  of  a white  and  green  colour;  towards  the 
apex  it  is  villous,  and  within  the  bafe  or  ova- 
rium, if  it  be  infpeCled  againft  the  light, 
may  be  perceived  the  feeds.  It  may  be  re- 
marked, that  the  ovarium  of  the  bean  more 
eafily  fplits  into  two  than  that  of  the  broom, 
and  that  the  feeds  of  the  former  plant  are  in 
like  circumftances  larger  than  thofe  of  the 
latter.  The  feeds  of  the  bean  are  roundilh, 
but  on  one  fide  there  is  an  hooked  and  fharp 
beak.  They  are  femi-tranfparent,  gelati- 
nous, and  when  opened,  are  found  to  be  folia 
and  without  a cavity. 

If  bloifoms  not  quite  fo  finali  be  examined, 
the  powder  of  the  ftamina  is  perceptible  ; it 
is  found  to  be  imbedded  in  a glutinous  fub- 
ftance. The  ovarium  having  now  attained  a 
larger  fize,  contains  feeds  proportionally  in- 
creafed  in  fize;  they  are  neither  fo  gelatinous 
nor  fo  tranfparent,  but  they  contain  no  cavity. 
Other  feeds  further  advanced,  and  belonging 
to  bloifoms  about  to  open,  cr  already  ex- 
panded, are  in  the  fame  fiate. 
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The  cavity  is  not  vifible  till  the  3d  or  4th 
day  after  the  falling  of  the  flowers  ; it  is  then 
found  to  be  full  of  a tranfparent  liquor.  The 
feeds  and  the  cavity  increafe  together,  and 
fifteen  or  twenty  days  after  the  fall  of  the 
petals,  the  cavity  contains  a body,  which> 
when  magnified,  feems  to  be  fplit  into  two, 
though  the  obferver  cannot  be  certain  of  this 
till  afterwards  ; when  if  he  opens  feeds  nearer 
maturity,  he  will  find  them  to  divide  very 
eafily  into  two  portions.  Thefe  portions  are 
manifeftly  the  two  lobes,  within  which  is 
contained  the  tender  nafcent  plantule.  If 
the  lobes  and  the  plantule  be  treated  with 
extreme  care,  a mucous  filament  is  found  at- 
tached to  the  plantule,  which,  after  palling 
between  the  lobes,  is  implanted  in  the  fub- 
hance  of  the  little  feeds.  The  lobes  and  the 
plantule  are  merely  developed  in  procefs  of 
time.  They  are  covered,  as  in  the  above- 
mentioned  broom,  with  the  integuments  of 
the  feed. 

VII.  I fhall  relate  at  once  my  obfervations 
upon  peafe  and  kidney-bea?is,  the  appearances 
they  offered  being  perfectly  alike.  The 
feeds  are  found  in  the  ovarium  full  formed, 
when  the  flowers  are  little  advanced,  and 
when  the  buds  are  yet  fcarce  vifible.  The 
feeds  now  feem  to  confili  of  an  homogenous 
fubllance,  and  are  without  any  internal  cavity. 
The  fame  may  be  faid  of  them  when  they 
are  become  many  times  larger,  and  when  the 
powder  of  the  anthers;  is  ripe.  The  cavity 
begins  to  be  vifible  fome  days  after  the' 
withering  of  the  flowers,  and  in  ten  or 
twelve  days  more  it  is  enlarged,  and  a white 
mucilaginous  point  connected  by  a llender 
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filament  with  the  feeds  may  be  perceived  in 
it.  This  point  is  the  rudiment  of  The  lobes, 
between  which  the  plantule  may  be  diftin- 
guifhed  by  the  aid  of  the  microfcope.  What 
follows  may  eafily  be  imagined:  the  lobes 
and  plantule  increafe  in  fize,  and  their  in- 
creafe  implies  the  growth  of  the  feeds  which 
contain  tne  lobes* 

If  we  compare  thefe  obfervations  upon 
kidney-beans  and  peafe  with  the  foregoing 
upon  broom  and  beans,  we  fhall  find,  that 
they  all  contribute  to  prove  that  the  feeds, 
or  their  integuments,  exifi:  before  fecunda- 
tion, but  that  the  plantule  and  the  lobes  can- 
not be  feen  till  afterwards. 

It  would  therefore  appear,  that  thefe  reful ts 
do  not  agree  with  my  obfervations  on  amphi- 
bious animals;  for  in  them  I found  the 
fetufes  before  impregnation.  But  are  we 
immediately  to  conclude,  that  in  the  procefs  of 
generation  Nature  follows  two  different  me- 
thods in  plants  and  in  animals  ? The  prin- 
ciples of  found  reafoning  do  not  permit  me  to 
make  fo  hafty  a declaration  ; they  require, 
that  I fhould  carry  further  my  refearches  on 
plants.  Thefe  refearches  I undertook,  and  a 
relation  of  part  of  them  fhall  be  the  fubjedt 
of  the  following  chapter. 
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CHAP.  II. 

GENERATION  OF  THE  PLANTS  DENOMI- 
NATED BY  LINNAEUS,  RÀPHÀNU S SATI- 
VUS,  CICER  ARIETINUM,  IXIA  CHINEN- 
SIS,  DELPHI  N I UMCON  SOLID  A,  CUCURBI- 
TA PEPO,  CUCUMIS  SAT  I YU  S . EXAMI- 
NATION OF  THE  POWDER  OF  THE  STA- 
MINA. 

VI II.  13  -Aph anils  fatkms , common  RadiJJji 
XV  The  feeds  are  vilible  in  the  ovarium, 
long  before  the  powder  of  the  antherao  is 
ripe.  They  are  folid,  and  continue  fo  till 
twelve  or  fifteen  days  after  the  falling  of 
the  flowers  : the  ufual  cavity  then  appears,  of 
fmall  dimenfions  at  firft,  and  full  of  liquor, 
but  fucceffively  enlarging,  infomuch  that 
about  the  20th  day,  it  occupies  almofl  all  the 
infide  of  the  feeds.  In  three  or  four  days 
more,  the  lobes  are  feen  furrounded  as  ufual 
by  a tranfparent  liquor;  and  we  may  foon 
afterwards  perceive  between  them  a mucilagi- 
nous filament,  attached  by  one  end  to  the 
plantule,  and  by  the  other  to  the  internal 
cavity  of  the  feeds.  When  the  feeds  are 
nearly  ripe,  the  two  lobes  are  confiderably  in- 
creafed  ; they  refemble  a pear  with  its  flalk  ; 
the  flalk  is  implanted  into  the  concave  fur- 
face  of  the  feeds.  If  the  lobes  be  taken  out 
and  carefully  examined,  the  flalk  appears  to 
be  part  of  the  plantule  ; and  inflead  of  two 
lobes,  the  number  obferved  in  the  plants  be- 
fore mentioned,  there  are  four;  the  two 
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fmaller  are  implanted  in  the  twó  greater  ; 
they  are  all  united,  and  fo  attached  to  the 
plantule,  as  with  it  to  form  one  body. 

IX.  Cicer  arietìnum , Chick-pea.  The 
piftil  in  this  plant  reprefents  in  miniature  a 
gourd,  of  which  the  belly  is  the  bafe  of  .the 
piftil,  or,  as  I call  it,  the  ovarium.  If  this  be 
opened  longitudinally  twelve  or  fifteen  days 
before  fecundation,  two  pointed  feeds,  folid 
and  of  a green  colour,  come  into  view.  As 
the  parts  of  fructification  ripen,  the  ovarium 
fwells  and  takes  the  form  of  a purfe,  to  which 
the  feeds  are  attached.  About  four  or  five 
days  after  fecundation,  the  cavity  begins  to 
form,  and  on  one  fide  of  it  may  be  perceived 
two  very  minute  lobes  ; if  they  be  carefully 
opened,  the  pjantule  is  feen  attached  to  the 
feeds  by  a mucilaginous  filament.  Nothing 
further  takes  place  except  a progreffive  evo- 
lution. 

X.  Ixia  chinenfis.  Having  opened  longi- 
tudinally the  ovarium  of  one  of  the  fmalleft 
buds,  which  is  oblong  and  prominent  at  the 
centre,  we  find  the  pyriform  feeds  difpofed 
in  their  natural  order,  and  perfectly  folid 
within.  The  fame  thing  may  be  obferved 
when  the  petals  are  opened,  nay,  after  they 
are  fallen,  and  Itili  nine  or  ten  days  more 
elapfe  before  the  cavity  begins  to  open.  This 
plant  is  diltinguilhed  by  a peculiarity  which 
mull  not  be  omitted.  At  firlt  the  cavity  is 
full  of  a tranfparent  liquor,  which  in  time 
thickens,  and  at  length  is  converted  into  a 
white  gelatinous  matter,  not  unlike  coagulated 
milk.  The  confidence  becomes  gradually 
firmer,  and  before  the  feeds  are  ripe,  re- 
finance is  felt  on  attempting  to  cut  it  with  a 
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knife.  This  fubftance,  thus  hardened,  oc- 
cupies the  whole  cavity  of  the  feeds,  nor  can 
there  be  perceived  the  fmalleft  veftige  of  the 
lobes*  My  obfervations  were  made  upon 
feeds  not  yet  arrived  at  perfect  maturity,  but 
I could  not  continue  them  for  want  of  riper 
feeds.  Are  we  to  fuppofe  that  the  fubfiance, 
which  is  at  fifft  liquid,  then  gains  fome  con- 
fidence, and  at  laid  becomes  hard,  performs 
the  office  of  lobes,  fo  that  they  are  produced 
in  this  inftance  in  an  unufual  manner;  or  is 
it  more  probable,  that  the  lobes  appear  later 
than  in  other  feeds  ? The  phasnomena  of 
another  plant,  of  which  I am  now  to  fpeak, 
incline  me  rather  to  the  latter  opinion. 

XI.  Dclpbinum  confoliday  Larkfpur,  fub- 
divided  larkfpur*  The  appearances  noticed 
during  the  growth  of  the  feeds  of  the  Ixia* 
recurred  on  the  prefent  occafion . The  cavity, 
which  is  ufually  formed  after  the  falling  of 
the  petals,  is  foon  filled  with  liquor,  at  firfi 
tran (parent,  then  whitifh,  and  afterwards  of 
the  colour  and  confidence  of  milk.  If  the 
feeds  be  now  boiled  for  a fhort  time,  the 
milky  liquor  is  changed  into  a matter  like 
pomatum.  There  appears,  upon  examination, 
no  fign  of  organization.  When  the  feeds 
are  nearly  ripe,  the  confidence  of  the  white 
liquor  is  increafed,  and  when  they  are  arrived 
at  maturity,  its  hardnefs  is  confiderable. 
The  plantule  and  the  lobes  may  now  be  dif- 
tinguiihed,  but  they  are  fo  buried  in  the 
midft  of  this  indurated  matter,  that  it  is  dif- 
ficult at  firfi:  to  diftinguifli  them  certainly, 
as  well  on  account  of  their  minutenefs  as 
their  white  colour.  This  obfervation,  which 
agrees  fo  nearly  with  the  preceding,  leads  me 
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to  fufpedt,  that  the  milky  liquor  of  the  Ixia, 
which  is  firft  coagulated  and  then  hardened, 
does  not  coftitute  the  lobes,  but  only  enclofes 
and  conceals  them.  They  are  invilirne,  either 
on  account  of  their  mimi tenefs,  orbecaufe  the 
feeds  are  not  yet  ripe.  In  the  prefen t fpecies, 
the  late  appearance  of  the  lobes,  which  does 
not  takes  place  in  much  lels  than  a month 
after  fecundation,  is  very  remarkable  (a). 

XII.  Cucurbita  Pepo,  Common  Pumpion 
or  Pumpkin.  Difregarding  for  the  prelent 
the  male  flowers,  as  having  no  relation  with 
the  prefent  inquiry,  on  account  of  their  fte- 
rility,  I directed  my  attention  to  the  female 
flowers,  beginning  with  the  blolfoms  that 
were  leali  advanced  -,  fmall,  however,  as  they 
are,  the  little  pumpion  is  already  formed  un- 
der the  bud,  and  the  feeds  within  it  are  very 
'viflble.  In  this  plant  there  is  a peculiarity 
in  their  ftrudlure.  They  are  not  compofed 
of  an  homogeneous  fubftance,  as  the  unripe 
feeds  of  other  plants,  but  confili  of  two 
matters,  a (hell  and  a nucleus.  When  the 
feed  is  cut  tranfverlelv,  thefe  two  fubftances 

( a ) I found,  by  obfervations  made  a year  afterwards, 
on  more  advanced  feeds  of  the  Ixia,  that  my  fufpi- 
cion  was  juft.  When  a longitudinal  fedtion  is  made 
along  fuch  feeds,  the  plantule  is  very  viflble  ; it  has  the 
fhape  of  a cone  ; the  bafe  lies  at  the  bottom  of  the  feed, 
and  the  apex  reaches  about  as  high  as  the  middle.  The 
whole  plantule  is  imbedded,  and  hid  in  the  milky  matter, 
which  at  this  period  is  very  hard.  I muft  moreover  ob- 
ferve,  that  notwithftamling  all  my  pains,  I could  not  dis- 
cover the  lobes;  perhaps  the  part  I call  piantule  might 
ferve  in  their  ftead.  The  appearance  of  the  plantule  is 
as  late  in  the  feeds  of  the  ixia,  as  in  thofc  of  the  lark- 
fpur. 
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appear  in  the  plane  of  fedtion  ; if  a portion 
of  the  divided  feed  be  held  by  the  flat  fides 
between  the  finger  and  thumb,  and  preflu  re 
be  made  towards  the  cut,  the  nucleus  quits 
the  hulk,  and  flies  into  the  air,  as  the  itone 
of  a cherry  does  when  preifed  in  like  man- 
ner. If  the  nucleus  be  taken  whole  out  of 
its  cover,  it  appears  in  the  fhape  of  a pear 
with  its  ftalk,  and  bears,  moreover,  a per- 
fect refemblance  to  the  lobes  with  the  plan- 
tuie.  But  are  we  to  conclude,  that  the  plan- 
tule  is  really  vifible  here  before  fecundation  ? 
I confefs,  this  firft  obfervation  on  thefrudti- 
fication  of  the  pumpkin,  was  very  near  lead- 
ing me  to  adopt  this  opinion.  But  one  cir- 
cumstance fuggefted  a doubt.  In  other 
plants  the  lobes  are  eafily  feparable  into  two, 
and  fometimes  into  four  (VIII)  ; in  the  pre- 
fent  cafe,  the  nucleus  would  not  admit  of 
fuch  a feparation,  but  formed  a perfedt 
whole.  Tne  beft  way  of  removing  my  per- 
plexity, evidently  was  to  profecute  my  obfer- 
vations.  From  the  examination  of  three 
larger  buds  I learned,  that  the  nucleus  yet 
conflfted  of  one  body,  and  that  it  adhered  fo 
firmly  to  the  cover,  that  it  could  not  at  all, 
or  at  leaft  not  without  great  difficulty,  be 
parted  from  it.  But  the  cover  or  rind  ap- 
peared much  more  complex  than  I had  at 
firft  conceived.  It  confifts  of  three  diftindt 
membranes.  The  firft  or  outermoft  is  the 
moft  thin  and  delicate  of  all  ; it  may  be  de- 
nominated the  cuticle  or  epidermis.  The 
fecond,  which  lies  immediately  under  the 
firft,  is  thicker,  and  of  awhitiffi  colour,  and 
has  a degree  of  hardnefs  approaching  to  that 
of  wood;  there  is  tome  difficulty  in  fepa- 
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rating - it  from  the  third,  which  inverts  the 
nucleus  ; this  innermoft  fkin  or  membrane  is 
greenifh  and  firm,  but  not  fo  firm  as  the 
l'econd. 

The  infpedtion  of  the  feeds,  twenty-five 
days  after  the  falling  of  the  flower,  gave  me 
an  opportunity  of  obferving  other  new  cir- 
cumftances.  The  nucleus,  which  fo  much 
refembled  the  lobes,  had  difappeared,  and  in 
its  ftead,  there  was  a membranous  fac,  ter- 
minated by  a beak,  that  was  attached  to  the 
infide  of  the  feeds.  The  fac  was  fomewhat 
tumid,  with  a liquid  rtagnating  within  it, 
as  became  evident  whenever  it  was  perforat- 
ed. By  gently  laying  hold  of  the  beak  with 
a pair  of  forceps,  the  little  fac  may  without 
difficulty  be  entirely  removed.  It  is  com- 
pofed  of  two  membranes,  which,  when 
opened,  are  found  to  contain  a very  tender 
mucilaginous  body  full  of  moifture.  This 
body  arifes  from  the  infide  of  the  apex  of  the 
Teed,  and  extends  about  half  its  length;  it 
is  attached  to  the  place  at  which  it  termi- 
nates. The  flighted:  touch  breaks  and  de- 
llroys  it.  When  examined  by  the  micro- 
fcope,  it  appears  reticulated,  whence  I con- 
clude that  it  is  organized. 

In  feeds  further  advanced,  when  the  flowers 
have  been  withered  above  a month,  the  mu- 
cilaginous body  enclofed  in  the  membranous 
lac  is  much  enlarged,  and  at  the  infide  of 
the  apex  of  the  feed  appears  a white,  folid, 
and  conical  particle,  which,  when  attentively 
examined,  appears  to  be  the  germ  or  the 
plantule  in  miniature.  To  the  plantule  are 
attached  the  two  lobes  like  it,  of  a white 
colour,  and  exceeding  it  in  fize ; themqcila- 
ginous  filament  above-mentioned  partes  in  the 
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middle  between  them,  and  is  inferted  into 
the  plantule.  It  is  eafy,  from  what  has  been 
faid  above,  to  guefs  how  the  feeds  gradually 
advance  towards  maturity.  The  mucilagi- 
nous filament  enlarges  in  its  dimenfions,  the 
plantule  increafes,  and  the  two  lobes  ad- 
vancing in  bulk  and  mafs,  come  at  laft  to 
occupy  almoft  all  the  infide  of  the  feed.  It 
appears,  therefore,  that  I fhould  have  been 
greatly  deceived  if  I had  taken  the  nucleus, 
which  is  found  within  the  feeds  before  the 
opening  of  the  flowers,  for  the  lobes  and  the 
plantule,  fince  thefe  parts  do  not  make  their 
appearance  till  a month  after  the  withering 
of  the  petals. 

XIII.  Cucumis  fativusy  Cucumber.  My 
obfervations  on  the  feeds  of  this  plant,  fo 
exadtly  refemble  thofe  on  the  feeds  of  the 
pumpion,  both  with  refpedt  to  the  appear- 
ance of  the  nucleus  before  fecundation,  the 
membranous  fac,  and  the  gelatinous  fub- 
jftance,  which  are  obferved  afterwards,  and 
lafl:  of  all  the  lpbes  and  plantule,  that  I think 
it  unnecefiary  to  enter  into  a particular  ac- 
count of  them.  I fhall  only  fay,  that  in  the 
cucumber  the  plantule  and  the  lobes  feem  to 
me  to  become  vifible  ftill  later  : they  at  leaf!: 
were  very  finali  in  one  inftance,  when  the 
fruit  was  nearly  ripe,  and  beginning  of  courfe 
to  turn  yellow. 

I afterwards  proceeded  to  examine  other 
plants,  Hibifcus  Syriacus,  the  Syrian  fhrubby 
Mallow,  Alcea  rofea , rofe-flowered,  or  com- 
mon Hollyhock,  Acanthus  mollis , foft  or 
lmooth-leaved  Acanthus,  Convolvulus  purpu- 
reus,  purple  Bindweed,  to  which  may  be 
added  Ocymum  Bafilicum,  fweet  Bafil,  Gucur- 
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bit  a citrullus , Cannabis  fat  iva,  Hemp,  Mer- 
curiali annua,  annual  Mercury.  All  theie 
plants  perfectly  agree  in  the  appearance  of 
the  feeds  long  before  fecundation,  and  of 
the  plantule  and  lobes,  fome  time  after  the  * 
ripening  and  diffufion  of  the  pollen.  This 
general  oblervation  perfectly  coincides  with 
the  account  of  the  great  naturaliif  Duhamel, 
given  long  linee  in  his  Phyfique  des  Arbres. 
Speaking  of  the  formation  of  the  feeds  of 
trees  bearing  fruit  with  ftones,  fuch  as  the 
almond,  th  epeach,  plum,  cherry,  &c.  he 
adduces  many  fadts  to  prove,  that  when  a 
Bone,  which  has  attained  its  full  lize,  is 
opened  before  the  fruit  is  ripened,  (and  we 
may  make  the  experiment  a long  time  after 
fecundation),  it  will  be  found  full  of  avilcid 
liquor;  a white  body,  he  fays,  begins  to  ap- 
pear within  the  point  of  the  kernel,  encloled 
in  a fmall  traniparent  bladder:  this  body  is 
the  rudiment  of  the  lobes  with  the  plantule; 
they  grow  till  they  fill  the  whole  capacity  of 
the  If  one.  From  the  coincidence  of  fo  many 
fadts,  I think  myfelf  authorifed  to  infer, 
that  this  law  is  obferved  by  Nature,  if  not 
in  all  plants,  yet  in  a great  number. 

XIV.  But  with  which  of  the  three  theories 
refpedting  the  generation  of  plants  (I),  do 
my  numerous  obfervations  bell  agree?  My 
principal  aim  was,  as  I have  already  remark- 
ed, to  find,  if  polfible,  data  fufficient  for  the 
folution  of  this  difficult  problem.  Should 
we  be  content  with  firft  appearances,  we 
might  perhaps  think  that  fyltem  preferable, 
according  to  which,  the  embryos  of  plants 
are  conveyed,  at  the  time  of  fecundation,  by 
the  powder  of  the  antherae  into  the  ovarium. 
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The  embryos  have  never  been  found  in  this 
organ  before  the  afperfion  of  the  powder. 
They  always  make  their  appearance  after  the 
pollen  has  been  oblerved  upon  the  antherae. 
It  Ilio ul d therefore  |em,  that  the  exigence 
of  the  embryos  diredtly  depends  upon  this 
powder;  and  it  may  be  inferred,  with  fome 
degree  of  probability,  that  the  embryos  pre- 
exift  in  the  pollen;  and  that  when  it  falls 
upon  the  ibigmata,  they  are  conveyed  through 
particular  dud:s  into  the  ovarium.  A learned 
naturalifi:  (a),  has  accordingly  been  led  to 
adopt  this  opinion,  by  the  obfervations  of 
fome  perfon,  who  pretended  to  have  feen  the 
embryos  in  the  ovarium,  immediately  after 
the  fummits  had  dilcharged  their  fecundat- 
ing duff.  But  whoever  conliders,  with  a 
little  attention,  the  force  of  the  argument, 
will  find,  that  it  is  not  very  convincing.  It 
is  in  the  firft  place  not  true,  that  the  em- 
bryos may  be  perceived  as  loon  as  the  powder 
has  fallen  from  the  ham  ina.  They  do  not 
come  into  view  for  more  than  a week,  and 
fometimes  not  till  a month  after  the  difper- 
fionof  the  powder,  as  is  evident  from  all  the 
obfervations  I have  hitherto  related,  and 
from  others  which  I lhall  hereafter  relate. 
In  the  fecond  place,  this  mode  of  reafoni ng 
is,  as  Mr.  Bonnet  has  very  well  remarked, 
illogical  ; when  we  infer,  that  the  embryo 
does  not  exifi:  in  the  ovarium  before  fecunda-r 
tion,  becaufe  it  is  not  viiible  before  that 
time,  we  argue  from  in viiibility  to  non- 
cxiltence,  a fallacious  way  of  reafoning,  as 

^ i . » 1 

(n)  Needham  ; Nouv.  decouvertes  faites  avec  le  Mi-, 
croltope.  i rr, 
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many  inftances  may  be  brought  to  fhew:  in 
the  impregnated  egg,  for  example,  the  belt 
microfcopes  will  not  bring  the  chicken  into 
view,  though  we  are  fare  that  it  is  prefent, 
Notwithftanding  the  inconclufivenefs  of  the 
argument,  there  feems  no  abfurdity  in  fup- 
pofing  the  embryo  of  the  plant  to  pre-exift 
in  the  powder,  and  thence  to  pafs  into  the 
ovarium.  To  remove  thefe  uncertainties,  I 
refolved  to  give  my  inquiries  a different  di- 
rection. 

XV.  If  the  embryos  of  plants  be  really 
lodged  in  the  pollen,  why  cannot  we  difcern 
them  by  microfcopes  of  high  magnifying 
powers  ? The  thing  did  not  feem  improba- 
ble, and  I thought  it  would  be  proper  to 
turn  my  refearches  to  this  objedt.  I ac- 
cordingly examined  the  ripe  pollen  of  feveral 
plants,  and  efpecially  of  thofe  upon  which 
the  foregoing  obfervations  were  made.  In, 
the  flowers  of  thefe  vegetables,  I found  the 
powder  to  refemble  very  nearly  that  of  others 
examined  by  botanilts,  and  in  particular  by 
Duhamel;  it  formed  an  aggregate  of  par- 
ticles, differing  in  figure  in  different  plants; 
in  fome  the  particles  are  round,  in  others 
elliptical,  in  others  pyramidal  or  conical,  in 
others  of  an  irregular  form.  Sometimes 
they  are  fmooth,  lbmetimes  prickly,  and  at 
others  covered  with  knobs.  They  are  in 
different  plants  tranfparent,  opake,  yellow, 
white,  blue,  or  carnation.  The  fize  varies 
according  to  the  difference  of  the  flowers. 
But  thefe  corpufcles  are  not,  according  to 
the  common  confent  of  Naturalifts,  imme- 
diately concerned  in  the  generation  of  plants. 
They  are  vehicles,  (heaths,  cafes,  — , or  by 
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whatever  name  we  may  chufe  to  diftinguifh 
them,  for  the  moft  part  full  of  a thin  liquor, 
which,  when  they  are  moiftened,  they  emit 
with  force.  In  this  liquor  floats  a multitude 
of  very  fmall  globules,  which,  at  the  time 
of  explofion,  are  thrown  in  different  direc- 
tions. Thole  who  adopt  the  theory  we  are 
confldering,  luppofe  the  rudiments  or  em- 
bryos of  the  plants  to  be  lodged  in  this  li- 
quor. It  was  therefore  proper  to  fix  my 
attention  upon  it,  and  to  try  whether  I 
could  perceive  any  thing  refembling  an  em- 
bryo. When  the  embryos  are  firff:  feen  in  the 
feeds,  they  reprefent  a fmall  pointed  body, 
to  which  two  larger  bodies  are  affixed,  like 
the  clofed  wings  of  a butterfly;  thefe  are  the 
lobes.  I examined  the  liquor  with  great  at- 
tention, in  order  to  fee  whether  it  contained 
any  fuch  bodies,  or  any  thing  like  them.  I 
ufed  glafles  of  various  powers,  from  the 
loweft  to  the  higheff;  but  I could  difeover 
nothing  except  the  liquor,  which  in  fome 
cafes  is  like  oil  or  melted  fat,  and  the  glo- 
bules that  ulually  float  in  it.  As  the  liquor, 
a fubftance  without  organization,  cannot  be  ; 
what  we  term  embryos,  I had  only  to  ex- 
amine the  globules;  but  I could  perceive  , 
nothing  in  them,  which  bore  any  refem-  • 
blance  to  lobes  or  embryos.  Thefe,  as  the  r 
word  globule  imports,  are  round  bodies, 
or  fuch  as  have  nearly  that  figure;  they 
conftantly  retain  it  with  whatever  micro- 
fcopes  they  arc  examined.  Nor  did  their 
form  change,  when  I ufed  the  folar  mi- 
erofeope,  which  fo  prodigioufly  enlarges  ob-  . 
jedts.  Of  thefe  fadts,  it  is  the  diredt  con- 
fequence,  that  we  cannot  aflert,  with  any  I 
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probability,  that  the  embryos  of  plants  are 
lodged  in  the  pollen. 

It  may,  I am  well  aware,  beobje&ed,  that 
the  globules  are  the  real  embryos,  and  retain 
their  round  fhape  as  long  as  they  continue 
in  the  powder,-  but  that  as  loon  as  they  pais 
into  the  ovarium,  and  find  a proper  fupply  of 
hourifhment,  they  unfold  the  parts  which 
were  before  concentrated  in  a minute  globe, 
and  albume  the  fhape  of  the  lobes  and  plan- 
tule;  juft  as  the  tadpoles  of  the  frog  and 
toad,  according  to  my  obfervations,  repre- 
fent  fo  many  globules  as  long  as  they  remain 
in  the  body  of  the  female,  but  when  they 
come  to  be  nourilhed  with  the  liquor  of  the 
amnion  (a),  they  put  on  the  real  form  of  the 
tadpole.  Such  an  objection  may  be  ftarted, 
but  it  amounts  to  no  more  than  a bare  polli  - 
bility,  that  the  globules  floating  in  the  liquor 
of  the  pollen  may  be  the  embryos.  But  I 
am  not  feeking  for  poffibilities  ; I am  in- 
quiring whether  the  fuppofition  is  probable; 
whether  there  is  any  juft  motive  for  fup- 
poling  the  embryo  to  pre-exift  in  the  powder 
of  the  ftamina  : and  my  obfervations  fhew 
not  any  fuch  probability,  or  any  fuch  juft 
motive.  Not  having,  by  thefe  means,  ob- 
tained the  information  I fought,  there  re- 
mained one  other  chance  of  folving  the  pro- 
blem, by  interrogating  Nature  in  a different 
manner.  This  was  to  try,  whether  the  em- 
bryos would  appear  and  grow  to  maturity, 
when  the  powder  of  the  anthers  was  hin- 
dered from  adting  upon  the  piftils.  Should 
the  event  be  fuch,  it  would  be  evident,  that 

( a ) DilTert.  I. 


the 


2jo  DISSERTATION  IH. 

• N 

the  embryos  do  not  belong  to  the  pollen,  but 
the  ovarium.  The  experiment  might  be 
made  in  three  ways,  either  by  cutting  away 
the  anthers  of  hermaphrodite  flowers,  before 
they  died  their  powder  upon  the  piflil;  or 
by  removing  the  male  flowers  of  thofe  plants, 
in  which  they  grow  feparately  on  the  fame 
individual  before  they  are  ripe;  or  laflly,  by 
keeping  the  male  plants  at  fuch  a difiance 
from  the  female,  that  there  can  be  no  fufpi- 
cion  of  their  dull  reaching  them  ; this  ex- 
periment relates  to  plants  producing  two 
lorts  of  individuals  ; one  provided  with  fia- 
mma only,  the  male,  and  the  other  with  pif- 
tils  only,  the  female.  Thefe  experiments, 
together  with  fome  obfervations,  will  fur- 
niih  matter  for  the  two  following  chapters. 


CHAP  III. 

GENERATION  OF  SOME  HERMAPHRODITE? 
AND  MONOICOUS  PLANTS,  UPON  WHICH 
THE  POWDER  OF  THE  STAMINA  WAS 
PREVENTED  FROM  ACTING,  CALLED  BY 
LINNAUS  OCYMUM  B A S I L I CU M , H I B I S- 
CUS  SYR  I AC  US,  CUCURBITA  MELOPEPO 
FRUCTU  CLYPEIFORMI,  CUCURBITA 
CITRULLUS. 

XVI. T BEGAN  with  an  hermaphrodite 
X plant,  viz.  that  fpecies  of  Bafil  which 
is  often  raifed  in  pots,  apd  called  by  botanifls 
Ocymwn  Bafilicum,  fweet  balli.  I happened, 

at. 
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at  the  time  I conceived  the  delign  of  enter- 
ing upon  this  inquiry,  to  have  fome  in  blow, 
and  others  of  which  the  flowers  were  not  yet 
expanded.  That  I might  form  a j utter  judg- 
ment of  my  experiments,  I refolved  to  com- 
pare flowers,  in  w'hich  the  pollen  had  adted 
with  others,  in  which  its  influence  had  never 
been  exerted.  My  obfervations  upon  the 
former  were  the  following  : every  bloflom 
of  balli  had  four  ftamina,  in  the  midft  of 
which  rifes  the  piftil  ; the  ftamina,  as  well 
as  the  piftil,  are  diftinbtly  vilible  twelve  days 
and  more  before  the  opening  of  the  flower, 
when  the  petals  have  been  caution  fly  re- 
moved. The  feeds  appear  at  the  lame  time 
in  the  ovarium;  they  are  four  in  number, 
and  have  an  oval  ftiape.  They  continue  folid 
for  feveral  days  after  the  falling  of  the  flow- 
ers, but  loon  afterwards,  while  they  are  in- 
creafing  in  bulk,  a cavity,  like  that  which  l 
have  obferved  in  the  feeds  of  other  plants, 
begins  to  form.  Within  this  cavity,  we  may 
in  a Ihort  time  difcern  a folid  point,  at  firft 
fhapelefs,  but  loon  putting  on  the  form  of  the 
lobes  and  plantule.  Meanwhile  the  cavity 
becomes  more  capacious,  as  the  plantule  and 
lobes  grow,  and  at  length  thele  bodies  oc- 
cupy the  whole  inlide  of  the  feeds.  Such  is 
I the  procefs  of  Nature  in  thofe  flowers  of 
I bafil,  in  which  the  powder  of  the  ftamina  is 
! left  to  produce  its  effects  : we  have  feen  that 
the  fame  phenomena  occur  in  other  plants. 

XVII.  It  is  now  proper  to  proceed  to 
the  other  more  interefting  part  of  our  com- 
1 parati  ve  inveiti  gation,  and  to  ob  ferve  what 
becomes  of  the  embryo,  when  the  influence 
: of  the  pollen  is  withdrawn.  At  the  time 
I when  the  flowers  were  about  to  open,  I cut 
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away  the  four  anthers,  which  now  were  full 
of  ripe  pollen.  But  this  operation  alone  did 
not  fatisfy  me.  The  excefllve  tenuity  of  that 
halitus,  which  burfts  from  the  pollen  (XV), 
and  which,  in  the  general  opinion  of  bota- 
nifts  and  naturalifts,  has  an  immediate  effedt 
in  generation,  (in  whatever  manner  it  may 
produce  this  effedt)  rendered  it  neceffary  not 
only  to  remove  the  pollen,  by  cutting  away 
the  anthers  of  thofe  flowers  upon  which  the 
experiment  was  made,  but  alfo  to  keep  at  a 
diltance  the  pollen  of  other  flowers  growing 
on  the  fame  plant.  This  end  was  eafily  ob- 
tained, by  plucking  off  all  the  flowers  as  they 
were  about  to  be  expanded,  except  thofe 
which  were  the  fubjedt  of  my  experiment. 
The  pot  was  placed  on  a window,  and  there 
grew  near  it  no  other  plants  of  the  fame  kind, 
either  in  pots  or  in  the  ground.  I cannot 
relate  what  happened  without  aflonifhment. 
The  feeds,  fome  time  after  the  falling  of  the 
flowers,  became  hollow  within,  and  in  the 
cavity  appeared  the  lobes  and  the  plantule, 
which  grew  till  they  filled  the  whole  capacity 
of  the  feeds.  In  fhort,  the  various  phafes 
ail  limed  by  feeds  that  have  been  fubjedted  to 
the  influence  of  the  pollen,  were  obferved 
without  any  difference  in  others,  which  may 
reafonably  be  fuppofed  never  to  have  felt  that 
influence. 

XVIII.  I could  not  however  acquiefce  in 
this  refult  : but  was  rendered  uneafy  by  a fuf- 
picion,  that  fo  delicate  an  experiment  had  not 
been  executed  with  all  the  neceffary  precau- 
tions. According  to  the  common  opinion 
of  philofophers,  the  powder  of  the  Ramina 
exerts  its  adtion  while  the  flowers  are  open7 
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ing,  or  foon  after  they  are  blown.  But  on 
opening  the  flowers  of  bafil  two  or  three  days 
before  their  time,  I thought  that  in  two  or 
three  inftances  part  of  the  pollen  was  ripe, 
and  that  one  or  two  grains  had  fallen  upon 
the  piftil,  which  lies  very  clofe  to  the  an- 
ther®, and  indeed  almoft  touches  them.  I 
therefore  fufpedted,  that  I had  cut  away  the 
anther®  too  late,  and  after  the  pollen  had 
produced  its  effedts.  This  conflderation  led 
me  to  perform  the  operation  upon  flowers 
lefs  forward,  and  not  liable  to  fuch  a fufpi- 
cion.  And  now  the  event  was  different.  I 
made  the  experiment  upon  eighty-four  blof- 
foms.  The  feeds  of  about  one-third  of  this 
number  fell  before  they  were  ripe.  In  the 
ovaria  of  the  reft  appearances  were  ex- 
ceedingly various.  Some  feeds,  notwith- 
ftanding  it  was  the  feafon  of  their  maturity, 
were  as  lmall  as  when  the  anther®  were  cut 
away.  In  fonie  ovaria  they  were  larger,  but 
withered,  dry,  or  quite  fpoiled.  In  twenty- 
five  inftances,  they  were  as  well  looking  and 
as  large  as  thofe  which  had  been  fubjedted  to 
the  influence  of  the  pollen.  I was  not  how- 
ever to  be  fati sfied  with  external  appearances. 
The  principal  queftion  was,  whether  they 
each  contained  an  embryo,  or  a plantule  at- 
tached to  lobes  ? They  adtually  contained 
thefe  parts,  nor  could  I,  by  analyfis  or  com- 
parifon,  perceive  any  circumftance  in  which 
they  differed  from  the  plantule  and  the  lobes 
of  feeds,  upon  which  the  influence  of  the 
pollen  had  been  exerted.  Of  thefe  twenty- 
five  feeds,  certainly  never  adted  upon  by  the 
powder  of  the  anther®,  twelve  were  analyfed 
in  this  manner,  and  the  remaining  thirteen 
Vol.  II.  T were 
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were  put  into  the  ground.  But  they  did  not 
germinate,  while  thirteen  feeds  of  the  fame 
plant,  left  to  the  adtion  of  the  pollen,  and 
fown  in  the  fame  place,  all  came  up.  The 
immediate  and  mod;  finking  inference  to  be 
deduced  from  thefe  obfervations  is,  that  the 
fecundation,  and  fometimes  the  evolution 
of  the  embryos  of  bafil,  depend  upon  the 
pollen,  but  not  their  exiftence. 

XIX.  Whilft  I was  thus  employed  upon 
bafil,  I made  obfervations  and  experiments 
of  the  fame  nature  upon  Syrian  fhrubby  mal- 
low, Hibifcus  Syn'acus.  The  anthers  were 
cut  away  from  a great  number  of  blodoms 
before  they  expanded.  I could  not  however, 
I mud:  own,  be  certain,  that  a grain  or  two 
of  powder  had  not  fallen  upon  the  pid.il  ; for 
I oftener  than  once  obferved,  that  it  was 
quite  ripe.  Some  feeds  fell  foon  after  the 
operation,  but  the  greater  part  remained  in 
their  proper  dtuation,  and  grew  confiderably  ; 
they  would  perhaps  have  arrived  at  matu- 
rity, if  the  coolnefs  of  the  atmofphere  at  the 
fetting  in  of  autumn,  had  not  prevented 
them,  as  it  prevented  other  feeds  of  the  fame 
fpecies,  which  were  left  to  themfelves,  and 
mud;  be  fuppofed  to  have  been  impregnated 
by  the  pollen.  Some  of  thefe  feeds,  which 
had  grown  a good  deal,  but  were  yet  unripe, 
were  black  within  and  fpoiled,  others  were 
white,  in  all  appearance  found,  and,  what  is 
of  chief  confequence,  they  contained  a plan- 
tule  attached  to  its  lobes,  which  were  con- 
voluted like  cut  lettuce.  From  the  plantule 
arofe,  in  fonie  cafes,  an  alinoli:  imperceptible 
gelatinous  filament,  of  which  the  other  end 
was  inferted  into  the  feeds. 
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When  I cut  off  the  antherae  from  the  blown 
flowers,  I performed  the  fame  operation  upon 
others  leverai  days  before  they  were  to  ex- 
pand. To  effe  ft  my  purpofe  it  was  neceflary 
to  force  open  the  bud,  which  could  not  be 
done  without  fometimes  injuring  a petal. 
At  this  time  it  feerned  certain,  that  the  pollen 
could  not  have  produced  any  effedt,  as  it  was 
vifcid,  and  adhered  tenacioufly  to  the  fum- 
mits  of  the  fiamma.  The  relults  exactly  cor- 
responded with  the  foregoing  obfervations. 
The  feeds  of  feveral  flowers  dropped  prema- 
turely, while  in  others  they  continued  firm, 
and  grew  confiderably,  but  did  not  ripen  : 
fome  were  vitiated  internally  ; others  con- 
tained lobes  and  a plantule  completely  deve- 
loped and  found. 

It  is  obvious,  that  the  confequences  of  the 
experiments  on  Ihrubby  mallow  and  bail! 
perfectly  agree  ; they  equally  concur  to  prove, 
that  although  the  due  evolution  of  the  em- 
bryos depends  on  the  adtion  of  the  pollen, 
this  powder  neither  conveys  nor  produces 
them. 

XX.  Having  fiifficiently  fatisfied  my  curi- 
ofity,  with  refpedt  to  thefe  hermaphrodite 
plants,  I proceeded,  according  to  the  plan 
laid  down  in  Sedi.  XV.  to  plants  bearing  made 
and  female  flowers  feparately  on  the  fame  in- 
dividual. My  obfervations  were  made  upon  two 
of  this  clafs,  the  pumpion  with  Ihield-form 
fruit,  Cucurbita  Melopepo  f rutili  Clypeiformi , 
and  the  citron  pumpion.  Cucurbita  Citrullus. 
I had  the  feeds  of  the  former  fpecies  from 
the  public  botanic  garden  at  Pavia;  they 
were  fown  in  the  fpring  at  Scandiano,  a well- 
known  and  very  plealant  fort  belonging  to 
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the  fiate  of  Modena,  and  the  place  of  my 
nativity:  here,  during  the  fummer  and  au- 
tumnal vacations,  1 employ  myfelf  in  thofe 
experimental  enquiries,  which  are  the  fubjedt 
and  the  foundation  of  my  unimportant  lite- 
rary productions.  At  my  arrival  there  at  the 
beginning  of  June  1777,  two  individuals,  for 
I had  ordered  two  only  to  be  railed,  were  juft 
beginning  to  put  forth  a few  flower-buds 
towards  the  bottom  of  the  ftalk.  At  this 
early  period  the  male  flowers  may  eafily  be 
diftinguifhed  from  the  female.  The  former, 
denominated  alfo  barren  by  botanifts,  have  a 
flender  ftalk  ; while  the  ftalk  of  the  former, 
where  it  joins  the  calyx,  forms  a tumour, 
confifting  of  the  immature  fruit,  as  is  inti- 
mated in  Sedi.  XII.  I paid  daily  vifits  to 
thefe  two  individuals,  and  very  carefully 
watched  the  progrefs  of  both  forts  of  flowers. 
That  there  might  be  no  fufpicion  of  the 
pollen  exerting  any  influence  upon  the  fe- 
males, the  males  were  deftroyed  at  their  firft 
appearance.  As  fruit,  when  a fmall  quan- 
tity only  is  left  upon  a plant,  is  fooner  ripe, 
and  grows  to  a larger  fize,  becaufe  it  receives 
a greater  filare  of  nutritious  juice,  I left  011 
each  of  my  two  individuals  two  flowers  only  ; 
the  buds  that  made  their  appearance  after- 
wards were  taken  away,  along  with  the  male 
flowers.  Meanwhile  my  four  gourds  grew 
rapidly;  finding  that  towards  the  middle  of 
September  they  had  attained  the  ufual  full 
fize,  I gathered  one,  in  order  to  infpedt  the 
internal  parts.  The  flefh  was  too  foft,  be- 
caufe the  fruit  was  not  thoroughly  ripe  ; 
but  in  colour,  ftrudture,  and  tafte,  it  re- 
lembled  fruit  produced  by  plants  which  had 
q their 
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their  male  flowers,  and  which  I examined 
both  before  and  afterwards  at  Pavia.  The 
feeds  were  in  great  number,  and,  as  well  in- 
ternally as  externally,  were  perfectly  formed; 
the  lobes,  indeed,  to  which  the  piantale  was 
attached,  did  not  occupy  the  whole  capacity 
of  the  feeds,  but  they  had  not  attained  their 
full  fize.  At  the  end  of  the  month  the  other 
three  gourds  were  quite  ripe;  I therefore 
gathered  them,  and  put  the  feeds  of  each  into 
a feparate  box,  that  I might  be  able  to  ex- 
amine them  at  pleafure.  The  lobes  filled  the 
whole  infide  of  the  feeds,  and  had  all  the 
characters  of  perfect  maturity. 

XXI.  Thus  far  there  is  a perfeCt  agree- 
ment with  the  obfervations  made  on  the  feeds 
of  bafil,  which  feemed,  notwithstanding  they 
were  deprived  of  the  efficacy  of  the  pollen, 
to  have  acquired  the  fame  degree  of  perfec- 
tion as  thole  impregnated  in  the  ufual  man- 
ner. But  as  they  did  not  grow,  however 
perfect  they  might  be  in  appearance,  becaufe 
they  had  not  been  vivified  by  the  pollen 
(XVIII),  I imagined,  that  for  the  fame  reafon 
the  feeds  of  my  three  gourds  would  not  grow. 
It  was,  however,  proper  to  make  the  experi- 
ment. I therefore  dried  one  hundred  and 
fifty  in  the  fun,  and  Afterwards  planted  them 
in  three  pots,  fifty  in  each,  taken  from  fepa- 
rate gourds.  But  the  latenefs  of  the  feafon,  it 
being  the  icth  of  October,  the  conftant  rain, 
and  the  coolnefs  occafioned  by  it,  circurn- 
lfances  unfavourable  to  vegetation,  obliged 
me  to  place  my  pots  in  a ftove,  which,  though 
it  was  not  heated,  was  kept  warm  by  a con- 
tiguous chimney.  The  event  did  not  by  any 
mean?  correfpond  to  my  expectation  ; I took 
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it  for  granted,  that  none  of  the  feeds  would 
germinate,  and  yet  they  almoft  all  came  up 
very  well.  On  the  15th,  ten  days  after  they 
were  planted,  thirty-feven,  out  of  one  hun- 
dred and  fifty,  were  fprung  up  ; the  number 
increafed  daily,  infomuch,  that  on  the  8th  of 
November,  one  hundred  and  thirty-three  ap- 
peared above  the  mould  in  the  pots.  I was 
unwilling  to  leave  the  feventeen  feeds  that 
did  not  flioot  unexamined  ; I found  that  they 
were  either  empty,  or  that  the  lobes  and  the 
plantules  were  vitiated  ; that  is  to  fay,  crifp 
and  withered,  becaufe  they  were  unripe. 

I referved  the  remainder  of  the  feeds  for 
another  experiment  to  be  made  the  following 
fpring.  Before  it  can  be  aflerted  that  fruc- 
tification has  been  complete,  it  is  neceflary, 
according  to  the  determination  of  botanifts, 
not  only  that  the  feeds  Ihould  grow,  but  that 
they  Ihould  allo  be  capable  of  bringing 
productive  feeds,  or,  in  other  words,  of  per- 
petuating the  fpecies.  That  I might  learn 
whether  the  feeds  of  my  three  gourds  en- 
joyed this  prerogative,  I caufed  fome  of  them 
to  be  planted  in  the  fame  place  in  May  1778, 
and  when  they  were  grown  to  fome  lize, 
they  were,  as  in  the  foregoing  experiment, 
carefully  flopped  of  all  their  male  flowers, 
one  female  flower  only  being  left  upon  each 
individual.  Thefe  flowers  were  furnilhed 
with  fmall  gourds,  which  grew  ripe  towards 
the  beginning  of  autumn,  and  the  feeds  they 
produced  grew  juft  as  well  as  the  former  ; nor 
can  I doubt  that  they  would  have  brought 
forth  fruit  juft  as  well,  if  I had  cholen  to 
try  them. 

From 
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From  thefe  faCts  it  appears,  that  the  gourd 
with  fhield-form  fruit  does  not  agree  with 
bafil  in  the  circumftances  attending  genera- 
tion . The  feeds  of  bafil,  to  be  productive,  muff 
be  impregnated  by  the  pollen,  but  the  feeds  of 
this  gourd  propagate  the  fpecies  without  fuch 
help.  The  things  which  I have  related  fur- 
nifti  the  moft  certain  and  unequivocal  proofs 
of  this  aflertion.  It  is  impoffible  to  fufpeCt, 
that  the  powder  of  the  male  flowers,  growing 
upon  the  fame  plant  with  the  female  flowers, 
had  any  filare  in  producing  this  effeCt,  be- 
caufe  I deftroyed  them  long  before  it  was 
ripe.  Nor  can  it  reafonably  be  prefumed, 
that  any  pollen  was  carried  by  the  air  to  the 
fpot  from  places  at  a diftance.  I purpofely 
chofe  Scandiano  (XX),  as  there  was  not  a 
gourd  of  this  fpecies  any  where  in  the  neigh- 
bourhood. We  muff  therefore  of  neceftity 
conclude,  that  neither  the  embryos  of  this 
plant,  nor  its  fructification,  depend  upon  the 
powder  of  the  ftamina. 

XXII.  I now  come  to  the  other  fpecies  of 
gourd,  the  fecond  plant,  with  male  and  female 
dowers-  growing  feparately  on  the  fame  indi- 
vidual of  which  I propofed  to  treat  (XX). 
One  root  of  this  fpecies  was  planted  late  in 
the  fpringof  1779,  in  the  fame  garden  which 
the  two  preceding  years  had  produced  the 
gourd  with  fliield-form  fruit.  The  prefent 
plant  was  in  like  manner  deprived  of  all  its 
male  buds,  as  foon  as  they  began  to  appear, 
and  a few  female  flowers  only  were  left  for 
fru&ification,  fuppofing  it  fliould  take  place 
in  thefe  circumftances.  That  this  plant  might 
be  infulated,  and  that  no  fufpicion  might 
arife  concerning  the  influence  of  adventitious 
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pollen,  I took  another  precaution,  which  he 
who  is  aware  of  the  delicacy  requifite  in  fuch 
experiments  will  not  regard  as  unneceflary. 
My  precaution  confifled  in  enclofing,  in 
large  bottles  of  glafs,  thofe  branches  of  which 
the  female  flowers  were  about  to  open,  and 
fo  to  lute  the  necks  with  a thick  cement,  as 
to  prevent  the  pafiage  of  the  external  air, 
which  is  thought  by  many  to  be  the  vehicle 
of  the  fecundating  powder,  into  the  bottles. 
This  artifice  eafed  my  mind  of  another  ap- 
prehenfion.  Some  botanifls  pretend,  that 
the  fecundation  of  feveral  plants  is  effected 
by  means  of  infedts.  According  to  them, 
bees  and  other  winged  infeóts  of  the  fame 
kind,  by  creeping  into  flowers  to  fuck  the 
honey,  or  extract  the  wax,  are  apt  to  brulli 
away  the  dull  of  the  ftamina,  and  to  convey 
it  on  their  bodies,  from  flower  to  flower; 
in  this  manner,  fay  they,  are  plants  fre- 
quently impregnated.  The  inlfances  of  ar- 
tificial fecundation,  which  will  be  here- 
after mentioned,  incline  me  to  admit  this 
fuppofition.  Tbedifpofition  of  the  bottles  in 
the  manner  above  defcribed,  not  only  pre- 
cludes all  fufpicipn  of  pollen  being  conveyed 
to  the  female  flowers  by  the  air,  but  it  like- 
wife  hinders  the  accefs  of  infedts.  Two  fe- 
male flowers  about  to  be  expanded,  were 
guarded  in  this  manner  by  bottles  with  wide 
bellies  ; but  the  blofl'oms,  as  well  as  the 
young  gourds  belonging  to  them,  came  to 
nothing.  The  caule  of  this  failure  was  the 
perdurable  matter  i ffu i fig  from  the  two  en- 
clofed  branches  : it  collected  at  firfl:  in  the 
form  of  dew  upon  the  infide  of  the  bottles, 
and  afterwards  ran  down  in  little  dreams 
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upon  the  flowers;  hence  they  periftied  in 
three  days.  But  the  unfuccefsful  termina- 
tion of  this  trial  did  not  caule  me  to  aban- 
don my  purfuit  ; it  only  taught  me  how  to 
enfure  fuccefs.  I had  only,  as  appeared  from 
the  event  of  this  experiment,  to  prevent  the 
flowers  from  refling  upon  the  flde  cf  the 
bottle.  I therefore  contrived  to  fufpend 
them  in  the  middle,  fo  that  they  might  be 
only  juft  as  much  moiftened  by  the  perfpira- 
ble  matter,  as  would  be  fufficient  to  keep 
them  in  a fiate  of  vigour.  In  this  manner 
two  female  flowers  were  enclofed  for  eleven 
days  ; that  is  to  fay,  from  .the  time  they  were 
about  to  expand,  till  they  were  withered. 
In  the  interval  the  fruit  had  grown  a little. 
Having  thus  eafed  my  mind  of  fear,  left  any 
unperceived  pollen  fhquid  have  been  conveyed 
to  them  at  this  moft  critical  period,  I re- 
moved the  bottles  on  the  twelfth  day,  and 
expoled  the  fruit  to  the  open  air  till  it  grew 
ripe,  which  happened  about  the  eighth  of 
September.  They  both  feemed  perfect  ; and 
all  the  infide  of  the  feeds  was  occupied  by  the 
lobes  and  plantule.  The  growth  of  the  feeds 
of  the  former  fpecies  gave  me  fome  reafon  to 
hope,  that  thofe  on  which  I was  employed 
would  produce  plants  ; and  lb  it  really  hap- 
pened : I planted  an  hundred,  fifty  taken  from 
each  pumpkin,  of  which  eighty-nine  were 
productive,  and  confequently  eleven  failed  : 
the  caule  of  their  fterility  was  the  fame  as  in 
a former  experiment  (in  which  feventeen 
feeds  of  the  other  pumpkin  proved  unpro- 
ductive (XXI).  The  plantule  or  the  lobes 
laboured  under  fome  vice  of  organization  ; 
a circumftance  by  no  means  furprizing,  as  it 
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is  obferved  in  the  feeds  of  the  fame  plants, 
when  left  to  the  care  of  Nature.  I planted 
the  feeds  of  the  prefent  fpecies  in  1780,  as  I 
had  before  fowed  thofe  of  the  former  in  1778  5 
in  both  cafes  the  refults  relative  to  fructi- 
fication were  exactly  alike.  It  was  there- 
fore reafonable  to  conclude,  that  frutti^ 
fication  in  this  plant  does  not,  in  the 
fmalleft  degree,  depend  on  the  powder  of 
the  flamina. 


CHAP.  IV. 

GENERATION  OF  CERTAIN  PLANTS  PRO-r 
DOCING  MALE  AND  FEMALE  INDI- 
VIDUALS, ON  WHICH  THE  FECUNDAT- 
ING DUST  WAS  PREVENTED  FROM  EX- 
ERTING ITS  INFLUENCE, VIZ. CANNABIS 
SATIVA,  HEMP,  SPINACIA  OLERACEA, 
SPINACH,  MERCURIALI  S ANNUA,  AN- 
NUAL MERCURY, 

XXIII,  f^ANNABIS  Sativa, hemp.  Du- 
ring  my  refidence  at  Scandiano, 
in  the  fqmmer  of  1767,  I obferved  two  phe- 
nomena, which  deeply  engaged  my  atten- 
tion. The  fir  ft  was  upon  a ftalk  of  hemp, 
that  fprung  up  fpontaneoufiy  in  my  garden. 
It  was  ftrong  and  tall,  and  on  all  tides  fur- 
rounded  by  a wood  of  branches.  It  pro- 
duced a great  number  of  feeds-,  which,  in  all 
appearance  were  perfectly  formed.  I found, 
by  experiment,  that  they  were  produttive, 

not- 
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notwithstanding  it  was  the  only  plant  in  the 
garden  which  is  very  large,  and  no  male 
plants  grew  within  a considerable  distance. 
Prejudiced  as  I was  in  favour  of  the  univer- 
fally  received  fexual  fyftem,  I felt  fome  Slight 
fufpioions  arife  in  my  mind  from  this  obser- 
vation ; I could  not  refrain  from  mentioning 
it  as  a Singular  occurrence  to  Several  friends, 
and  among  others  to  the  celebrated  naturalist 
Campi  Somafco.  I however  at  that  time 
thought,  that  the  phenomenon  might  be 
explained,  from  the  Supposition  of  pollen 
conveyed  by  the  wind  from  the  hemp-yards, 
with  which  the  rnaquifates  of  Scandiano  a- 
bounds — more  efpecially  as  I was  aware  of 
the  great  plenty  of  this  powder,  which  rifes 
in  a thick  cloud,  when  the  plant  is  Shaken. 
I imagined  alfo,  that  from  the  greater  abun- 
dance of  pollen  afforded  by  the  male  hop  (a), 
the  favourers  of  the  fexual  fyftem,  might 
account  for  the  fructification  of  female 
plants  discovered  in  places  where  there  are 
no  males. 

XXIV.  The  Second  phenomenon  wdiich 
I obferved  the  fame  year,  was  the  following. 
The  inhabitants  of  the  territory  of  Reggio 
and  Modena,  eradicate  all  the  male  indivi- 
duals from  the  hemp-yards,  about  the  Second 
or  third  of  Auguft,  and  leave  the  females 
till  the  end  of  September.  In  a feafon  fa- 
vourable to  vegetation,  the  females  continue 
to  grow  above  a month,  and  to  produce  new 
branches.  Upon  thefe  branches  Spring  flow- 
er-buds, which  in  time  expand  and  bear 
feeds.  Of  Such  female  individuals  I Saw, 

(«)  Humulus  Lupulus.  Linn. 
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for  the  firft  time,  great  numbers  growing  on 
the  8th  of  September,  1767;  that  is,  thirty- 
fix  days  after  the  male  plants  had  been  pulled, 
as  I was  allured  by  a perfon  of  credit.  I fixed 
my  attention  chiefly  upon  the  late  branches, 
on  which  as  yet  the  firft  rudiments  of 
the  clofed  flowers  fcarce  began  to  appear: 
I moreover  tied  a thread  loofely  round  them, 
that  I might  try  whether  the  feeds,  if  any 
Should  be  produced,  would  arrive  at  per- 
fection.* This  adually  happened,  as  their 
Shooting  foon  after  I fowed  them  in  October 
irrefragably  proved,  This  fecond  phenome- 
non gave  rife  to  ferious  reflections,  as  I could 
not  poffibly  at  firft  comprehend  how  the 
pollen  could  haye  fecundated  thefe  female 
flowers,  which  made  their  appearance  upon 
the  branches  fo  long  after  the  removal  of  the 
male  plants.  After  a little  consideration,  I 
perceived  that  the  advocates  of  the  fexes 
might  find  Somewhat  to  adduce  in  their  de- 
fence. Notwithstanding  the  wrant  of  male 
fiowrers,  it  might  be  faid,  the  pollen  which 
had  been  Shed  in  fuch  abundance,  may  float 
in  the  air  Surrounding  the  individuals  of  the 
other  fex. 

XXV.  Eight  years  afterwards,  in  1775,  a 
Memoir  appeared  in  Rozier’s  Journal  on  the 
the  fecundation  of  plants,  the  tenourof  which 
perfectly  agrees  with  my  obfervations  on  hemp. 
The  fubftance  of  this  memoir,  as  far  as  it 
relates  to  our  prefent  enquiry,  is  the  follow- 
ing. The  author  reared  a female  Stalk  of 
hemp  in  a pot  at  Paris,  which  produced,  at 
the  ufual  time,  Seeds  of  the  common  Size, 
confifting  of  two  wrell  nourished  lobes  with 
plantule  or  germ.  When  the  feeds  were 
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planted,  they  all  without  exception  germi- 
nated, and  grew  up  in  a ihort  time.  The 
plant  had  not  been  covered  by  any  thing  ; it 
flood  upon  a window  level  with  the  ground, 
at  a great  diflance  from  other  plants  of  the 
faine  fpecies.  The  maker  of  this  experiment 
does  not  pretend,  that  it  entirely  excludes 
all  fufpicion  of  the  fecundating  duft,  but 
only  that  the  accefs  of  it  is  highly  im- 
probable ; he  exhorts  naturalifts  to  repeat 
and  improve  his  experiment.  The  author  of 
the  Memoir  does  not  make  himfelf  known 
any  otherwife,  than  by  the  initials  M.  F.  de 
B.  which  leverai  have  fufpedted  to  defign  the 
celebrated  Mr.  Fougeroux  de  Bondaroi,  of 
the  Academy  of  Sciences,  nephew  to  the  il- 
luftrious  Duhamel.  However  this  may  be, 
it  appeared  to  me  when  I read  the  account, 
that  this  delicate  experiment  had  not  been 
conducted  with  fo  much  attention  and  fuch 
precautions,  as  to  produce  convidtion  in  the 
mind  of  the  reader  (a). 

XXVI. 

(r/)  Having  communicated  in  a letter,  written  Sept. 
l8,  1777,  to  my  illullrious  friend  Mr.  Bonnet,  fome  re  - 
fults  relative  to  the  fecundation  of  plants,  I received  a 
very  polite  reply,  dated  Nov.  29,  the  fame  year.  Among 
other  things  he  mentioned  this  Memoir,  fuppofing  I had 
never  feen  it.  It  was  his  opinion,  that  the  obfcrva- 
trion  of  the  French  Naturali!!,  whom  he  prefumes  to  be 
Mr.  Fougeroux,  is  not  fufficiently  decifive  to  exclude 
the  fecundating  powder.  He  was  induced,  by  his  refpect 
to  truth,  to  make  fome  ftridtures  on  different  paffages 
of  this  Memoir  ; which,  as  they  are  connected  with  my 
obfervations  on  generation,  it  will  be  proper  to  tranfcribe. 
“ Various  inadvertencies  and  miitakes  have  been  com- 
mitted by  M.  P'.  which  might  be  overpaffed  in  an  author 
of  inferior  reputation.  I diali  point  them  out  from  a 
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XXVI.  In  relating  my  fubfequent  experi- 
ments on  the  generation  of  plants,  I fhall 

give 


Ihort  account  I gave  to  another  correfpondent.  The  pro- 
portions diftineuiilhed  by  Italicks  are  the  words  of  M.  F. 

“ We  are  not  fare,  that  the  chicken  cxijts  before  impreg- 
nation in  the  egg , and  we  muji  confequently  be  ignorant , 
whether  the  plant  cxi/ls  in  the  feed  before  fecundation . 

“ The  learned  naturali!!:  ought,  I chink,  to  have  ex- 
preiTed  himfelf  very  differently  after  the  fine  difcovery  of 
Haller,  of  the  pre-exiftence  of  the  chicken,  after  your’s  of 
the  pre-exiftence  of  the  tadpole,  and  Mr.  Muller’s  and 
my  obfervations  on  the  pods  of  peafe.  Pa/ingen,  T.  i . 
p.  416.  In  my  efiay  on  the  fecundation  of  plants,  printed 
in  Rozier’s  Journal,  for  061.  1774,  I had  brought  to  the 
reader’s  recolleétion  thefe  feveral  difcoveries  on  vegetables 
and  animals,  as  ftrongly  tending  to  eftablifh  the  great 
probability  of  the  pre-exiftence  of  the  germ  ; and  Ad. 
F.’s  Memoir  evidently  refers  to  mine. 

<c  But  is  fecundation , by  means  of  pollen , neceffary  in  all 
plants  ? Have  none  their  parts  of  generation  concealed , like 
the  lice  of  plants  ( pucerons ) ? 

“ The  parts  of  generation  in  the  lice  of  plants  are  not 
concealed.  On  the  contrary  they  are  quite  obvious.  I 
dwell  pretty  largely  on  the  amours  of  thefe  infecfs  in  my 
Infeclology  publifhed  in  1745.  1 there  defcribe  at  length 

their  genital  organs. 

“ Laying  afide  all  fyfematical  ideas , I abide  by  fa  Sis  and 
obfervations , and  folloiu  a celebrated  guide , M.  Duhamel  ; 
who , before  ine , has  multiplied  fuels  and  obfervations , with- 
out venturing  to  decide. 

“ It  is  doubtlefs  commendable  to  abide  in  phyfics  by 
fails  and  obfervations.  But  found  logic  more  than  barely 
allows  us  to  deduce  the  moft  immediate  and  dire6t  confe- 
quenees,  as  I have  endeavoured  to  do  in  my  works,  and 
in  the  efiay  which  Mr.  F.  feems  to  have  held  in  view* 
He  exprefies  his  intention  to  take  Mr.  Duhamel  for  his 
guide.  But  the  fine  difcoveries  of  Haller,  Spallanzani, 
&c.  were  unknown  to  Mr.  Duhamel  when  he  compofed 
his  excellent  Natural  Hiftory  of  Trees,  which  was  pub- 
lifhed in  1758.  Mr.  F.  who  publifhed  his  Memoir  in 
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_ an  account  of  the  means  employed  to 
prevent  the  accefs  of  the  pollen.  Six  fmall 

ftalks 


give 


17-75,  was  naturally  called  upon  to  weigh  the  confequen- 
ces  refulting  from  thefe  dilcoveries,  and  to  avail  himfelf 
of  the  analogical  deductions  drawn  by  me  refpeCting  ve- 
getables. This,  however,  he  has  not  done,  and  I can- 
not but  be  furprized  at  it. 

“ pbofe  who  fuppofe  the  plant  to  exif  in  the  feed  before 
fecundation , confider  the  pollen  as  conftjling  of  a number  of 
Uheaths  and  cafes , of  which  each  contains  a number  of  feeds 
footing  in  a thin  liquor. 

* “ Some  naturalifts,  as  Needham,  have  confidered  the 

powder  of  the  ftamina  in  this  light,  but  they  do  not  allow 
the  plants  exifence  in  the  feed  before  fecundation . Mr.  Need- 
ham, who  fo  well  explained  the  compofition  of  the  pol- 
len, believed  the  germ  to  be  in  the  pollen  itfelf.  Mr.  F. 
has  therefore  expreffed  himfelf  very  incorrectly  ; but 
when  he  immediately  afterwards  fubjoins,  the  plant,  ac- 
cording to  this  opinion , exifs  before  fecundation  in  the  powder 
cf  the  f amino,  he  falls  into  the  moil  glaring  contradiction. 
That  the  plant  exifs  in  the  feeds  before  fecundation , is  an 
hypothecs  which  excludes  the  opinion,  that  the  plant  ex fs 
before  fecundation  in  the  powder  of  the  fantina. 

“ But  here  only  human  intellect  is  bewildered.  Mow  can 
•we,  ufng  our  reafon , imagine  the  germs  of  all  platits  to  be 
inclofed  in  fuch  a germ.  TVhat  an  abyfs  ! Let  us  quit  this 
lue  as  likely  to  tnifead  us. 

“ What  meaning  has  the  word  only  in  this  place  : It  is 
precifcly  by  the  u(e  of  our  reafon  which  does  net  ima- 
gine but  conceive , that  we  perfuade  ourfelves  of  the  pro- 
bability of  that  hypothefis,  according  to  which  germs  are 
nclofed  one  within  another.  If  M.  F.  had  read  my  Me- 
moir more  attentively,  and  meditated  longer  on  the  fub- 
eCt,  his  mode  of  expreffion  would  have  been  more  phi- 
Uofophical.  Docs  it  then  belong  to  the  imagination  to 
•decide  concerning  matters  lying  exclufively  within  the 
“province  of  reafon  ? Can  the  imagination  reprefent  to  itfelf 
an  animalcule  many  million  of  times  fmaller  than  a mite? 
— Can  it  reprefent  to  itfelf  a globule  of  light,  feveral  thou- 
sands of  which  fall  at  once  on  the  eye  of  fuch  an  animal  ? 

No; 
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ftalks  of  hemp  were  tranfplanted  from  an 
hemp-yard  into  fix  pots.  As  foon  as  they 

had 

No;  never  will,, reafoning  or  calculation  overturn  the 
hypothecs  of  involution.  Great  and  fmall  are  merely  re- 
lative terms  ; and  we  are  acquainted  with  furprizing  fadts 
that  lead  us  to  this  hypothefis. 

“ According  to  Haller , irritability  is  the  principle  which  con- 
Jlitutes  animality  and  produces  life.  The  poivder  of  the  fia- 
mma exciting  the  irritability , and  occafioning  the  fluids  to  be 
impelled  in  the  organized  body , produces  in  the  vegetable  the 
fame  effedis  as  the  fpermatic  liquor  in  the  animal  germ. 

“ Haller  did  not  admit  irritability  in  vegetables.  He 
could  not  therefore  attribute  to  the  powder  of  the  (la- 
mina that fiimidating  property  which  he  acknowledges  in 
the  fpermatic  liqiior  of  the  animal  : and  yet,  from  M.  F.’s 
exprefiion,  it  would  be  fuppofed  that  he  does.  But  it  was 
I,  who,  in  my  efiay  on  the  fecundation  of  plants , fought  to 
apply  irritability  to  the  fecundation  of  vegetables — not, 
however,  till  1 had  declared  my  ignorance  of  any  fadl 
which  rigoroufiy  proves  the  exiftence  of  irritability  in  the 
vegetable  kingdom.  Upon  this  occafion,  I threw  out 
fome  logical  reflections,  calculated  to  caufe  the  fufpenfion 
of  the  reader’s  judgment.  Let  me  be  allowed  to  obferve, 
that  no  author  in  natural  hiftory  has  been  more  careful 
to  dillinguifh  conjectures  from  facts  : but  I do  not  believe 
that  conjedtures  are  unwarrantable.  I have  therefore 
confined  myfelf  to  (hew  how  we  may  conceive  the  influ- 
ence of  irritability  in  vegetables,  fuppofing  them  to  pofièfs 
this  property.  M.  F.  read  me  too  rapidly,  and  without 
refledling  fufficiently  upon  my  mode  of  arguing.  More- 
over, the  irritability  of- plants  which  I did  but  conjecture 
to  exift,  feems  to  have  been  well  obferved  by  the  celebrated 
Gmelin  in  fome  fpecies  ; but  I was  unacquainted  with 
his  obfervations  in  September  1774,  when  1 was  com- 
pofing  my  efiay.  That  author,  in  his  Difiertation  on 
Irritability,  (hews,  that  the  antherae,  or  fummits  of  the 
(lamina,  appeared  to  him  irritable , or  at  leaf  endowed  with 
a property  nearly  approaching  to  the  property  of  animals  called 
irritability.  He  adduces  many  inftances  exceedingly  re- 
markable, and,  among  others,  that  of  the  orchis.  The 
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had  attained  a certain  height,  and  the  male 
plants  could  be  diflinguifhed  from  the 
females,  the  former,  which  were  four  in 
number,  were  eradicated,  and  the  two  females 
only  were  preferved.  About  twenty  days 
before  they  began  to  flower  they  were  carried' 
into  a room  looking  towards  the  fouth,  where 
they  flood  r -two  days.  There  were  two 


kept  fhut,  as  alfo  was  the  door,  except  when 

antherce  of  this  plant,  he  obferves,  recently  gathered , and 
irritated  in  a warm  place , appeared  to  contract,  and  then  to 
relax , and  to  undergo  a kind  of  tr emulation.  He  adds,  that 
he  has  frequently  made  the  experiment,  and  that  it  always 
fucceeded. 

“ According  to  Mr.  Bonnet , the  feminal fluid,  in  producing 
impregnation , effedis  only  the  evolution  ofl  what  was  already 
formed. 

“ This  certainly  is  my  opinion  : but  to  fay  fo  much  is 
faying  nothing  ; for  fuch  vague  expreflions  do  not  ferve  to 
diftinguifh  my  notions  from  thofe  of  other  naturalifts  who 
rejedf  the  doéirine  of  Epigenefis.  I have  reafon  to  pre- 
fume, that  the  worthy  M.  F.  has  not  ftudied  with  any 
care  the  nature  and  the  connection  of  my  principles  on 
generation.  He  was  doubtlefs  too  much  prejudiced  with 
the  idea  of  generation  being  a myftery  not  yet  penetrated 
by  the  ableft  naturalifts.  God  forbid  that  I fhould  have 
the  prefumption  to  think  that  I have  drawn  afide  the  cur- 
tain that  covers  the  myftery  : I have  only  attempted  to 
lift  up  a corner  of  this  curtain. 

“ When  we  read  the  opinions  of  mojl  naturalifts , do  ive  not 
incline  to  believe , that  each , out  ofl  affection  to  his  ozvn  ideas , 
flatters  himfelf  that  he  has  divined  the  fecret  ofl  Nature  ? 

“ I mull  confefs  that  there  are  phyfiologifts  and  natural 
hiftorianswho  deferve  this  reproach  ; but  there  are  others 
who  do  not  deferve  it  ; and  M.  F.  ought  to  have  excepted 
them.  You  have  read  me,  and,  what  is  more,  have 
ftudied  me.  You,  therefore,  know  whether  I have  ever 
propofed  my  notions  as  a man , who  flattered  himfelf  that  he 
had  divined  the  fecret  ofl  Nature 
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I went  in  to  water  the  plants.  They  thrived, 
notwithstanding  their  confinement,  on  ac- 
count of  the  rays  of  the  fun  fhining  through 
the  windows  upon  them  feveral  hours  a day. 
Although  this  precaution  feemed  preferable 
to  that  of  the  French  anonymous  writer, 
who  had  placed  his  female  plant  upon  a 
window,  it  did  not  fatisfy  me.  The  pollen 
indeed  fuppofed  to  be  difleminated  through 
the  air  at  the  flowering  of  the  hemp-yards, 
could  not  very  readily  find  its  way  into  an 
apartment  kept  fo  clolely  fhut,  yet  it  cannot 
be  afi'erted  that  its  ingrefs  was  totally  pre- 
vented ; and  yet  it  was  of  the  utmoft  import- 
ance to  hinder  it,  at  leaf!,  from  coming  in 
contact  with  the  flowers.  To  attain  this  end 
effectually,  when  I brought  the  pots  into  the 
room  I immediately  introduced  two  branches 
of  my  two  plants,  upon  which  fonie  buds 
were  growing,  into  two  glafs  bottles,  with 
long  necks  and  large  bodies.  The  necks 
were  perfectly  clofed  with  maftic,  without 
injuring  the  branches.  By  being  perfectly 
clofed  J mean,  that  all  communication  be- 
tween the  external  air  and  the  infide  of  the 
bottles  was  cut  off,  as  was  evident  from  the 
following  deciflve  proof.  Along  with  the 
branch  of  hemp,  I inferted,  for  about 
five  inches,  an  open  tube  of  glafs,  which 
was  imbedded  in  the  maftic  ; the  other  end 
projected  four  feet  from  the  neck  of  each 
bottle,  and  was  immerfed  in  a bafon  of  water 
to  the  depth  of  feveral  inches  ; but  I had  firft 
taken  care  to  fuck  a portion  of  air  out  of  the 
bottles.  The  water  afcended  to  the  height 
of  a foot  and  three  quarters  into  the  tube,  at 
which  it  conffantly  flood,  being  only  lubjeCl 

to 
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to  fuch  variations  as  are  obferved  in  baro- 
meters, for  the  tube  was  now  adtuaily 
changed  into  one  of  thofe  inftruments.  The 
permanent  elevation  of  the  water  in  the 
tube  was  a certain  iign,  that  no  external  air 
found  its  way  into  the  bottles  : had  a Stream 
of  air  made  its  way  through  the  maftic,  or 
any  part  of  the  bottle,  it  is  obvious,  that  the 
water  in  the  tube  muft  have  defcended  to  the 
level  of  the  bafon.  I mult  own,  indeed,  that' 
I was  obliged  to  renew  the  experiment  le- 
verai times  before  I fucceeded.  With  this 
apparatus  I was  certain  that  the  external  air, 
and  confequently  that  the  pollen,  which  may 
be  fuppofed  to  be  difperfed  through  it  at 
the  approaching  flowering  of  the  hemp- 
yards,  could  find  no  accefs  to  the  confined 
branches. 

XXVII.  But  all  thefe  precautions  feemed 
infufficient  to  render  the  experiment  quite 
unexceptionable.  It  was  neceflary,  not  only 
to  remove  all  fufpicion  of  external  pollen 
getting  into  the  bottles,  but  likewifle  to 
watch  whether  any  of  this  powder  was  pro- 
duced within.  The  botanical  reader  imme- 
diately comprehends  the  reafon  of  my  appre- 
henfion.  It  has  been  obferved  by  Linnaeus, 
Haller,  Duhamel,  and  others,  that  male  flow- 
ers are  not  very  infrequently  found  upon  fe- 
male individuals:  a root  of  fpinach,  of  which 
I flhall  fpeak  below,  furnifhed  me  with  a re- 
markable inftance  ; and  the  fpecies  in  ques- 
tion is  fubjedt  to  the  fame  accident,  as  I was 
informed  by  Mr.  Bonnet,  in  a letter  dated 
Auguft  15,  1778.  The  letter  gave  me  no*' 
tice  of  an  experiment  which  he  undertook 
upon  hemp,  after  I had  communicated  mine 
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to  him.  The  paragraph  to  which  I allude 
is  the  following  : “ I began  this  year  fome 
experiments  upon  hemp.  I have  followed 
the  method  ivhich  I employed  for  rearing 
the  lice  of  plants  in  folitude.  My  plants 
were  covered  with  large  tubes  of  glafs,  her- 
metically fealed  at  the  top,  and  with  the 
bottom  funk  in  the  earth.  But  fortune  did 
favour  me — inltead  of  a female  I had  a male 
plant  in  one  inltance,  and  in  another  a plant 
of  great  expectation,  after  putting  forth 
many  flowers  with  piltils,  produced  fome 
with  Itami  na,  clofe  to  the  former,  which 
totally  difconcerted  the  experiment.”  It 
therefore  became  me  to  watch  diligently, 
whether  any  male  flower  was  produced  among 
the  females  -,  I therefore  carefully  examined 
twice  a day,  both  with  my  naked  -eye  and  a 
glafs,  the  confined  branches,  which  were  as 
open  to  infpedtion,  as  if  they  had  been  grow- 
ing in  the  open  air.  In  the  mean  time,  I 
did  not  negledt  the  other  parts  of  my  two 
plants.  That  the  examination  might  be 
more  certain,  I Itripped  off  all  the  branches 
except  thofe  which  were  inferted  into  the  ‘ 
glafles,  and  took  care  to  infpedt  the  Items  as 
clofely  as  the  branches.  But  I can  alture  t 
the  reader,  with  the  utmoll  confidence,  that  1 c 
the  flowers  which  fucceffively  made  their  ap-  t! 
pearance,  both  on  the  bare  Items  and 
branches,  were  all  female  without  a fingle  fc 
exception.  For  the  fake  of  perfpicuity,  I 
will  firlt  defcribe  the  trunks,  and  then  the  :< 
•branches.  The  former  began  to  put  forth  ) 
their  flowers  towards  the  end  of  Augult,  at 
which  time  the  hemp-yards  were  alfo  in  ; >.] 
bloom.  Notwithltanding  their  conltant 

con- 
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confinement,  they  produced  feeds,  and  ripen- 
ed them  by  the  end  of  September.  When  I 
compared  thefe  feeds  with  fome  which  I 
gathered  in  the  hemp-yards,  I found  that 
they  were  lmaller.  Beiides  the  number  of 
feeds  produced  by  the  Items  in  the  hemp- 
yards,  were  in  like  circumftances  confidera- 
bly  more  numerous,  than  by  the  two  ftalks 
confined  in  my  apartment.  But  notwith- 
fianding  thefe  differences,  the  feeds  grew 
nearly  as  well  in  the  apartment  as  thofe  which, 
grew  in  the  open  air,  as  I found  by  fowing  le- 
verai hundreds  of  both  forts.  Such  are  the' 
reful ts  afforded  by  the  two  Items. 

XXVIII.  I am  now  to  relate  what  hap- 
pened to  the  two  branches.  The  flowers, 
which  nearly  kept  pace  with  thofe  of  the 
trunks,  were  fucceeded  by  feeds;  towards 
the  20th  of  September  they  had  acquired 
fuch  a fize,  as  inclined  me  to  think  them 
ripe;  I therefore  refolved  to  take  the  branches 
out  of  the  bottles,  and  I found  in  fadt,  that 
more  than  an  hundred  were  arrived  at  matu- 
rity ; this  was  doubtlefs  in  fome  meafure 
owing  to  their  having  received  no  molefla- 
tion  from  the  perfpirable  matter,  which  was 
collected  in  large  quantities  in  the  belly  of 
the  bottles.  By  differing  fome  of  the  ripe 
feeds,  and  others  that  were  more  or  lefs  dif- 
tant  from  this  fiate,  I was  enabled  to  make 
the  following  obfervations  : When  the 

parts  furrounding  the  leaf!  forward  are  re- 
moved, a greenifh  pyriform  body  prefen  ts 
itfelf  with  two  points  like  fmall  antennae, 
which  are  the  rudiments  of  the  piflils.  In 
the  pyriform  body  is  contained  a folid  nu- 
cleus, femi-gelatinous,  and  confilling  of  an 
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homogeneous  fubflcance.  The  nucleus  in 
feeds  further  advanced,  exhibits  an  excava- 
tion in  the  center,  full  of  a liquid  which, 
in  feeds  yet  nearer  maturity,  is  thicker;  and 
in  this  infpiflated  matter  may  be  feen  a white 
point,  which  is  eafily  known  to  be  the  lobes 
and  plantule.  If  feeds  flill  more  advanced 
be  analyfed,  in  opening  of  the  lobes,  which 
are  bent  into  the  fhape  of  an  arch,  a cavity 
or  depreffion  is  obferved,  and  in  it  are  lodged 
two  whitilh  dentated  leaves,  which  are  in- 
fected in  the  plantule,  or  rather  ari fe  from  it, 
Thefe  leaflets  are  larger  in  ripe  feeds.  Such 
were  the  appearances  of  the  product  of  the 
branches  ; and  feeds  gathered  in  the  hemp- 
yards  furniihed  me  with  the  fame  obferva- 
tions.  Hence  I was  obliged  to  infer,  that 
Nature,  in  the  production,  or  to  fpeak  more 
properly,  in  the  evolution  of  the  feeds,  had  I 
operated  alike  in  the  clofed  bottles,  and  in  j 
the  open  fields, 

I faid  before,  that  the  feeds  of  the  two  con-  : 
fined  ftqms  were  fmaller  and  in  lels  number,  | 
than  of  thofe  in  the  hemp-yards.  I may 
now  add,  that  the  fmall  fize  of  the  feeds  j 
that  grew  in  the  bottles  was  ftill  more  re- 
markable, and  that  equal  branches  ufually 
produce  twice  the  number.  But  I filiali  be 
cfked,  did  feeds  fo  much  fmaller  and  lefs 
numerous  grow  when  they  were Town.  To 
this  curious  and  important  point  all  my  en- 
quiries tended.  Of  a hundred  and  fixteen 
feeds,  which' were  all  that  fieemed  to  be  ripe, 
one  half,  yiz,  fifty-eight,  were  fet  in  a pot, 
and  they  all,  except  five,  came  up. 

XXIX;  The  reiult  of  another  experiment 
oorrefpohded  perfect!  y with  the  foregoing 
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Though  a large  quantity  of  pollen  arifcs  from 
the  hemp-yards  into  the  atmofphere,  at  the 
feafon  of  flowering,  and  is  transported  to  no 
inconfiderable  diftance,  it  is  reafonable  to 
fuppofe,  that  in  the  courfe  of  feveral  months 
it  muft  be  loft;  for  the  rain  and  fnow  cannot 
fail  to  carry  it  down  to  the  ground,  and  free 
the  air  from  it:  fhould  any  continue  to  float 
in  the  atmofphere,  it  will  probably  in  time 
lofe  its  prolific  virtue.  This  fuppolition, 
which  feems  well  founded,  as  will  be  more 
particularly  fliewn  in  the  fucceeding  chapter, 
induced  me  to  make  l'ome  female  plants  of 
hemp  blow  before  the  hemp-yards  were  in 
flower.  With  this  view,  I fet  at  Pavia 
twelve  hemp-feeds  in  twelve  pots,  before 
the  middle  of  November;  the  feeds  were 
fome  that  remained  of  the  product  of  the 
confined  branches  (XXVIII).  Although 
the  feafon  was  unfavourable  to  vegetation, 
eleven  out  of  the  twelve  germinated,  and 
continued  to  grow,  though  but  ftowly,  the 
whole  winter,  the  pots  having  been  removed 
into  a warm  room.  When  lpring  arrived, 
the  windows  were  thrown  open,  and  left  fo 
till  I had  occafion  for  the  plants.  Mean- 
while they  continued  to  advance,  and  about 
the  20th  of  May,  the  male  and  female  indivi- 
duals could  be  diftinguifhed.  The  former 
were  deftroyed.  The  remaining  females, 
four  in  number,  were  expofed  to  the  air  and 
fun  on  the  outfide  of  a window.  That  I 
might  examine  with  greater  eafe  and  cer- 
tainty, whether  any  male  bloffoms  were  pro- 
duced upon  thefe  female  plants,  I cut  away  all 
the  branches,  and  preferved  only  the  ftalks, 
as  in  the  experiment  related  in  the  XXVIIth 

U 4 paragraph. 
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paragraph.  But  fortunately  no  flowers  of 
this  fort  ever  appeared.  Towards  the  end  of 
May,  flowers  with  piftils  began  to  appear, 
fix  weeks  before  the  flowering  of  the  hemp- 
yards  beyond  the  Po  (for  there  is  no  hemp 
raifed  in  the  neighbourhood  of  Pavia)  and 
confequently  before  the  diffemination  of  the 
frefh  pollen.  About  the  8th  of  June  moft 
of  the  feeds  were  ripe.  They  were  quite  as 
thick  and  large  as  upon  the  Items  reared  in 
the  fields;  I fowed  feveral  hundreds,  and 
moft  of  them  germinated.  One  immediate 
confequence  may  be  deduced  from  thefe  va- 
riations of  my  experiment.  The  perfeCt 
fructification  of  hemp  is  entirely  independent 
of  the  adtion  of  the  fecundating  duft. 

XXX.  But  enough  of  the  experiments  on 
hemp.  I proceed  to  fpeak,  but  much  more 
briefly,  or  fpinach  ( Spinacìa  Oleracea).  I 
made  feveral  different  trials  with  this  plant  in 
the  courfe  of  fome  years. 

In  the  firft  place,  I tranfplanted  in  May 
feveral  roots  into  my  garden  at  Pavia.  As 
loon  as  the  different  individuals  could  be  dif- 
tinguifhed,  I deftroyed  the  males.  The  fe- 
males, although  they  remained  alone  in  the 
garden,  produced  plenty  of  feeds,  which, 
when  fown,  germinated  in  great  abundance. 
At  the  time  of  flowering,  I watched  with 
great  care,  whether  any  boffoms  with  fia- 
mma opened  : my  illuftrious  colleague 

and  friend  Counfellor  Scopoli,  alfo  vifited 
my  fpinaches  ; but  neither  could  that  expert 
botanift  or  myfelf  perceive  any. 

I next  covered  a plant  of  fpinach  with  the 
receiver  of  an  air-pump  ; the  lower  end  was 
preffed  to  fome  depth  into  the  earth  of  the 

pot. 


DISSERTATION  III. 


297 

pot.  Thus  the  communication  between  the 
external  and  the  internal  air  was  cut  off,  un- 
lefs  the  former  may  be  fuppofed  to  have 
found  its  way  into  the  receiver,  through 
pores  in  the  mould.  I made  ufe  of  this  ap- 
paratus a few  days  before  the  opening  of  the 
flowers  ; but  was  obliged,  in  thirteen  days, 
to  remove  the  receiver,  for  the  leaves  began 
to  wither,  probably  on  account  of  their  con- 
finement. Several  flowers  with  piftils  had 
in  the  mean  time  let,  and  the  appearance  of 
the  feeds  promifed  that  they  would  do  well  ; 
nor  was  I deceived  in  my  expectation,  for 
they  ripened  perfectly,  and  when  fown,  came 
up  in  great  abundance. 

XXXI.  In  the  Modanefe  and  in  the  Mar- 
ci uifate  of  Scandiano,  the  fpinach  raifed  by 
the  people  of  the  country,  is  ufually  in  flower 
from  the  20th  of  May  to  the  middle  of  June, 
fo  that  the  feeds  are  commonly  gathered  at 
the  beginning  of  July.  I took  advantage  of 
this  practice  to  procure  piftilliferous  flowers, 
a long  time  after  the  bloffoms  with  ftamina 
had  decayed.  For  this  purpofe,  I fowed  fome 
fpinach  towards  the  end  of  May  ; the  female 
plants  produced  flowers  with  piftils  in  Sep- 
tember, and  many  of  the  feeds  came  to  ma- 
turity ; but  many  others  were  checked  by 
the  beginning  coldnefs  of  the  feafon  : but 
thofe  which  grew  ripe  were  fown,  and  they 
germinated.  Notwithflanding,  therefore, 
near  fix  weeks  had  elapfed  fince  the  falling 
of  the  ftaminiferous  flowers  in  the  fields  and 
gardens,  my  feeds  were  productive.  It  is 
difficult  to  imagine,  that  the  pollen  could 
have  been  the  caufe  of  this  fecundity  ; and 
the  rather,  fince  in  fpinach  it  is  far  from 

being 


; 8 DISSERTATION  III. 


being  in  iuch  abundance,  as  to  be  capable  of 
diflemination,  like  that  of  hemp,  far  and 
.wide  through  the  air.  My  fpinaches  were, 
moreover,  conftantly  kept  in  an  apartment. 

XXXII.  I neverthelefs  undertook  another 
trial,  which  I believed  would  be  deciiive.. 


I had  feveral  young  fpinaches  trani'pianted 
into  pots  in  Augult  at  Pavia,  one  into  each 
pot.  Great  attention  being  paid  to  them, 
they  grew  before  winter  to  a confiderable 
height.  And  being  kept  in  a warm  room, 
they  made  fome  further  progrefs  during  the 
courfe  of  this  feafon  ; and  before  the  end  of 
March,  the  female  plants,  which  were  three 
in  number,  began  to  put  forth  flower-buds 
with  pifhils.  But  here  an  accident,  which 
is  not  very  uncommon,  and  to  which  I have 
already  adverted  (XXVII),  occurred.  In 
one  of  my  daily  vifits  to  my  three  plants,  I 
perceived  upon  one  individual  an  unexpected 
conjunction  of  male  and  female  flowers, 
growing  clofe  together,  and  forming  very 
elegant  groups. 

The  blofloms  with  pijflils  were  very  con- 
jfpicuous,  but  thofe  with  ftamina  were  fo 
little  advanced,  that  they  could  not  be  dif- 
tinguifhed  by  the  naked  eye.  Both  forts  an,- 
peared  to  be  equally  numerous,  but  the 
union  extended  only  to  two  branches — all  the 
Vdt  bore  female  blofloms  only.  I may 
here  incidentally  remark,  that  the  great  a- 
b undance  of  the  male  flowers,  in  the  prefent 
calc,  is  a very  Angular  phenomenon.  I have 
read  in  botanical  writers,  that  a few  male 
flowers  are  fometimes  found  in  company  with 
females,  but  never  that  they  amount  to  an 
equal  number,  a circumftance  that  excited 
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my  admiration  with  refpedt  to  this  indivi- 
dual; for  I counted  two  hundred  and  feventy- 
five  male  buds.  This  unforefeen  accident 
determined  me  to  extirpate  the  plant.  I con- 
fider  it  as  very  fortunate,  that  I obferved  it 
in  time,  while  the  male  bloffoms  were  yet 
in  a very  immature  hate,  and  confequently 
before  the  pollen  could  yet  have  produced 
any  effeCt.  Having  thus  freed  myfelf  from 
the  trouble  of  watching  this  extraordinary 
individual,  I continued  to  obferve  the  two 
others;  they  produced  only  bloffoms  with 
piftils.  April  was  the  feafon  of  the  maturity 
of  thefe  bloffoms,  which  is  generally  effi- 
mated  by  their  aptitude  to  be  fecundated  : it 
was  earlier  by  thirty-five  days,  than  the  ufual 
flowering  of  this  plant  in  the  environs  of 
Pavia.  Before  the  end  of  May,  the  feeds  of 
my  two  plants  were  almoft  all  ripe.  Every 
branch  and  every  twig  wTas  loaded,  and  they 
were  of  equal  fize  with  the  feeds  produced 
in  the  neighbouring  gardens  the  preceding 
year.  To  complete  the  experiment,  it  re- 
mained to  try  whether  they  would  germinate. 
Of  a hundred  and  fifty,  chofen  among  the 
whole  product  as  the  fineft,  a hundred  and 
thirty-two  came  up;  and  of  a hundred, 
which  I afterwards  fowed,  ninety-three  grew. 
Thefe  proofs  obliged  me  to  conclude,  that 
the  feeds,  notwith handing  the  privation  of 
the  pollen,  were  productive. 

XXXIII.  The  next  and  laft  plant  pro- 
ducing male  and  female  individuals,  which 
I mentioned,  is  annual  mercury  ( mercuri- 
alis  annua).  Five  very  fmall  plants  were  re- 
moved from  a garden,  on  the  22d  of  Auguff, 
jnto  five  pots.  They  were  managed  in  the 

fame 
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fame  manner  as  the  fpinach  during  the 
winter  (XXXII),  and  were  all  fo  far  ad- 
vanced at  the  beginning  of  fpring,  that 
there  was  no  difficulty  in  diftinguiffiing  the 
males  from  the  females  ; of  the  latter  there 
were  three,  and  thefe  alone  were  prelerved. 
By  the  24th  of  March  bloffioms  with  piftils 
appeared  upon  feveral  branches,  growing  out 
of  the  axillae  of  the  leaves,  and  in  a few  days 
more  the  number  was  exceedingly  increafed. 
They  were  borne  upon  fhort  flower- ftalks, 
and,  as  ufual,  confifted  of  two  fmall  feeds 
refembling  tefticles.  They  were  of  a green 
colour  and  hairy.  But  here  the  event  was 
juft,  contrary  to  what  happened  in  hemp  and 
fpinach.  The  greater  part  of  the  bloffioms 
dropped  prematurely  ; of  the  few  that  re- 
mained the  feeds  grew  for  fonie  time,  but 
fell  before  they  were  ripe,  and  when  fown, 
they  did  not  fpring.  As  this  took  place 
before  the  male  plan  ts  in  the  gardens  and  the 
fields  about  Pavia  were  in  flower,  I began 
to  fuppofe  mercury  to  be  one  of  thofe  nume- 
rous vegetables,  which  cannot  propagate  the 
fpecies  without  the  powder  of  the  ftamina. 
Meanwhile  my  three  plants  continued  to  put 
forth  new  branches,  and  the  old  ones,  in- 
ftead  of  withering,  vegetated  with  great  vi- 
gour; but  fill  the  feeds  dropped  premature- 
ly. This  gradua}  evolution  and  production 
of  frefh  branches,  was'  of  ffich  long  con- 
tinuance, that  they  lliewed  no  tendency  to 
decay,  but  were  producing  bloffioms  with 
piftils  when  the  mercury  in  the  fields  was 
in  flower.  I therefore  began  to  entertain 
hopes,  that  the  feeds  now  put  forth,  and 
thofe  which  fhould  follow,  would  lucceed 
c ' ; better 
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better  than  the  earlier  feeds,  more  ei pedal iy 
as  the  pots  were  expofed  to  the  open  air  upon 
a window,  and  looked  -into  a garden,  in 
which  grew  leverai  male  individuals  of  this 
fpecies.  But  my  expectations  were  difap- 
pointed:  as  long  as  the  three  plants  con- 
tinued to  thrive,  the  feeds  dropped  almoft  as 
loon  as  they  appeared  ; nor  did  one  of  thofe 
that  were  fown  ever  come  up.  I repeated 
the  experiment  two  lucceeding  years  with 
the  fame  event. 

XXXIV.  It  therefore  became  necelfary  to 
vary  the  mode  of  conducting  it.  Being  more 
confirmed  in  my  fufpicion,  that  the  fterility 
arofe  from  want  of  pollen,  which,  though 
it  Was  at  no  great  diltance,  did  not  reach  my 
plants,  I determined  to  bring  it  nearer;  with- 
out, however,  fetting  individuals  of  the  dif- 
ferent fexes  in  the  fame  place.  Two  male 
plants  of  mercury,  reared  the  next  year  in 
two  pots,  were  placed  on  the  outfide  of  a 
window,  and  two  females  growing  likewi-lé 
in  pots,  were  fet  on  the  outfide  of  another 
window.  Both  windows  belonged  to  one 
room,  and  had  the  fame  alpeCt.  The  four 
roots  of  mercury  were  nearly  of  the  fame  age, 
and  of  the  famelize.  And  I waited  with  great 
anxiety  to  fee  whether  the  females,  on  ac- 
count of  their  vicinity,  would  be  impreg- 
nated by  the  males.  The  feeds  were  con- 
ftantly  falling,  but  not  in  fuch  abundance  as 
in  the  former  experiment,  when  the  males 
were  at  a much  greater  diftance  (XXXIII). 
Thofe  which  adhered  went  on  thriving,  and 
feemcd  as  if  they  would  ripen  ; and  they  did 
accordingly  arrive  at  maturity,  and,  what  is 
of  more  confequence,  were  productive;  for 
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foon  after  I had  Town  them  in  a pot,  I had  the 
pleafure  of  feeing  them  fpring.  It  there- 
fore appeared  probable,  that  the  vicinity 
of  the  males  to  the  females  had  been  inltru- 
mental  in  occalioning  fecundation  : their  in- 
fluence could  fcarce  be  derived  from  any 
fource,  beiides  the  aCtion  of  the  contiguous 
pollen. 

XXXV.  This  experiment  obvioufly  re- 
quired another  : it  was  proper  to  bring  tire 
different  individuals  nearer  to  each  other;  I 
accordingly  placed  two  males  and  two  fe- 
males upon  the  fame  window.  It  now  be- 
came manifeft,  how  much  influence  the  ap- 
proximation of  the  two  fexes  has  upon  fe- 
cundation. The  two  females  retained  almofl 
all  the  feeds  which  were  produced  at  this 
time,  exceeding  an  hundred.  The  feeds 
grew  perfectly  ripe,  and  when  put  into  the 
ground,  were  unfolded  into  as  many  plants. 

XXXVI.  The  females  having  feveral 
branches  in  vigour,  and  Itili  continuing  to 
vegetate,  an  experiment,  the  reverfe  of  the 
two  preceding,  fuggefted  itfelf  to  me.  I 
removed  the  pots  in  which  the  male  plants 
grew  into  another  chamber.  This  feparation 
ferved  further  to  corroborate  the  neceflity  of 
the  pollen  in  mercury  ; for  in  confequence  of 
its  entire  removal,  all  the  feeds  afterwards 
produced,  by  the  growing  branches  fell  be- 
fore their  time,  and  were  unproductive. 

Moreover,  it  is  by  no  means  furprizing 
that  females,  at  a diltance  from  males,  fhould 
be  Iterile.  The  pollen  is  in  too  lmall  a quan- 
tity to  be  widely  difleminated.  The  incon- 
liderable  quantity  which  was  afforded  by  fe- 
veral 
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veral  male  plants,  at  a time  when  the  an- 
therae,  viewed  by  the  microfcope,  appeared 
full,  gave  me  ample  proof  of  its  fcarcity. 

I fhall  make  upon  mercury  another  ob- 
fervation,  very  neceffary  to  be  known.  I 
have  informed  the  reader,  that  moft  oi  the, 
unimpregnated  feeds  wither  and  drop,  while 
a few  -grow  to  fome  fize,  but  are  not  pro- 
ductive (XXXIII).  The  fcope  of  my  re- 
fearches  required  that  I fhould  examine, 
whether  thefe  feeds  confili:  of  lobes  and  a 
plantule.  By  analysing  them  repeatedly,  I 
found  that  the  feeds,  which  fall  foon  after 
the  flowering,  are  full  of  an  homogeneous 
and  gelatinous  fubftance,  and  afford  no  vef- 
tige  of  plantule  or  lobes.  But  impregnated 
feeds,  examined  at  the  fame  period,  that  is 
to  fay,  a little  after  the  feafon  of  flowering, 
exhibited  the  fame  appearances.  Many  days 
elapfed  before  the  lobes  and  the  plantule 
could  be  dilcerned,  an  obfervation  that  is 
not  confined  to  mercury,  but  extends  to 
every  plant  hitherto  examined  by  me.  In 
thofe  feeds  which  made  a tolerable  progrefs 
in  their  growth  before  they  fell,  appearances 
were  very  different.  They  firli  became  full 
of  an  almoft  fluid  whitifh  matter,  which 
was  gradually  infpiffated  ; and  in  the  midft 
of  this  matter,  after  fome  time,  might  be 
feen  a little  body,  fo  foft  as  to  adhere  to  the 
finger  when  it  was  touched  ; but  it  after- 
wards made  fome  refinance  to  the  touch,  and 
now  evidently  appeared  to  be  the  lobes  and 
plantule  ; which  parts  grew  more  confpicu- 
ous  and  diftindt  as  the  feeds  advanced.  The 
plantule  had  the  fhape  of  a cone,  dilated  to- 
wards 
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wards  the  bafe  into  two  flat  circular  bodies, 
which  were  the  lobes.  The  fame  was  alfo 
the  figure  of  the  lobes  and  plantule  con- 
tained in  productive  feeds. 


CHAP.  V. 

RECAPITULATION  OF  THE  PRINCIPAL 
CONSEQUENCES  OF  THE  FACTS  RE- 
LATED IN  THE  FOUR  PRECEDING  CHAP- 
TERS. 

’ • ’ 1 J ' ' ‘ " J I/»  1 

Reflections. 

XXXVII.  ALL  thefe  faCts  convey,  in  my 
opinion,  inftruCtion  fufficient 
to  ferve  as  a foundation  for  fpeculating  on  the 
mode  obferved  by  Nature  in  the. generation 
of  plants.  If  we  infpeCt  the  o varia  before 
fecundation,  we  find  the  feeds  externally 
folid  : they  continue  in  this  fiate  for  fome 
time  after  fecundation.  They  afterwards 
became  hollow  within  ; in  the  cavity  ap- 
pears a finali  body,  not  diftinguifhable  at 
firft,  but  afterwards  known  to  be  the  embryo 
or  the  plantule  with  the  lobes.  The  embryo 
fometimes  feems  detached  from  the  feeds, 
and  floating  in  a liquid,  and  fometimes  is  at- 
tached to.  them  by  one  or  more  connecting 
threads  (II,  III,  IV,  V,  VI,  VII,  Vili,  IX, 
X,  XI,  XII,  XIII.  XXXVI). 

As 
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As  thefe  fads  feemed  favourable  to  the 
opinion  of  thofe,  who  fuppofe  the  embryos  of 
plants  to  pre-exift  in  the  powder  of  the  an- 
therae,  and  thence  to  pafs  into  the  feeds,  which 
therefore  do  not  contain  an  embryo  before 
fecundation,  I Was  led  to  turn  my  refearches 
towards  the  powder.  I examined  it  with  the 
microfcope,  but  could  not  by  any  means  find 
that  the  embryos,  or  any  beings  analogous 
to  them,  are  lodged  in  it  (XV).  Hence  I 
proceeded  to  the  expedient  of  interrogating 
Nature  in  another  manner:  I endeavoured  to 
prevent  the  accefs  of  the  impregnating  duff 
to  the  ovaria,  fuppofing  that  ludi  means 
would  furnifh  the  clue  to  this  abftrufe  my  fi*- 
tery.  Three  defcriptions  of  plants  were  fub- 
mitted  to  experiment;  hermaphrodites  ; thofe 
which  bear  feparately  upon  the  fame  indivia 
dual,  male  and  female  flowers;  and,  laftly, 
thofe  which  produce  both  male  and  female 
individuals.  The  antheras  of  the  firft  were 
cutaway  before  the  ripening  of  the  pollen  ; in 
the  fecond  the  male  flowers  were  extirpated, 
and  the  female  individuals  of  the  third  were 
infulated.  In  the  hermaphrodite  plants  it 
appeared,  that  the  privation  of  the  pollen 
does  not  prevent  the  appearance  of  the  em- 
bryo in  tne  feeds,  though  the  feeds  are  in- 
capable of  germinating  ; in  fome  plants  the 
ab  fence  of  the  pollen  neither  hinders  the 
embryos  from  appearing,  nor  the  feeds  from 
being  productive;  the  fame  obfervation  is 
to  be  applied  to  feveral  plants  with  female 
individuals  ; but  in  other  plants  of  the  fame 
clafs,  the  want  of  pollen  renders  the  feeds 
Iterile,  though  the  embryo  appears  in  them, 
Vol,  II.  X (XVIII, 
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(xviii,  xix,  xx,  xxi,  xxii.  xxvr, 

XXVII,  XXVIII,  XXIX,  XXX,  XXXI, 
XXXII,  XXXIII,  XXXIV,  XXXV, 

XXXVI). 

The  direct  and  immediate  confequenee  of 
thefe  refults  is  obvious  : for  if  the  embryo 
appears  without  the  co-operation  of  the 
pollen,  and  if  befides,  in  many  cafes,  the 
feeds  grow,  it  is  clear  that  their  exiftence  can 
have  no  dependence  on  the  pollen  ; and  upon 
thofe  occafions  on  which  the  feeds  do  not 
grow  for  want  of  it,  we  can  only  fay,  that 
they  Hand  in  need  of  the  condition  requifite 
for  their  further  evolution,  as  the  fetufes  of 
animals  do  not  thrive  for  want  of  feed, 
although  they  pre-exift  in  the  ovarium  of 
the  female.  Another  confequence  not  lefs 
evident  is,  that  as  the  embryos  do  not  belong 
to  the  pollen,  they  muft  neceffarily  appertain 
to  the  ovarium. 

Some  naturalifls,  of  no  vulgar  reputation,- 
have  fuppofed,  that  the  embryos  of  plants  are 
formed  by  two  principles,  one  contributed 
by  the  powder  of  the  ffamina,  the  other  by 
the  piltils.  But  my  obiervations,  which 
prove  that  the  embryo  has  no  dependence 
upon  the  pollen,  clearly  prove  the  falfehood 
of  this,  luppofition. 

XXXVIII.  But  the  embryo,  which  I have 
fhewn  to  belong  exclufively  to  the  ovarium,, 
may  be  conceived  to  belong  to  it  in  two  ways. 
It  may  be  formed  of  matter  furnifhed  by  the 
parent  plant,  or  it  may  pre-exiff.  Now, 
which  of  thefe  ways  are  we  to  admit  ? An 
Epigenefift,  a Count  Buffon,  accuftomed  to- 
view  Nature  under  an  angle  proportional  to 
his  favourite  ideas,  would  not  probably  hefi- 
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tate,  if  the  facfls  obferved  by  me  had  pilled 
under  his  infpediion,  to  embrace  the  former 
opinion.  The  embryo,  not  being  at  firfl  vili* 
ble  in  the  cavity  of  the  feeds,  but  appearing 
afterwards  in  the  form  of  a gelatinous  point, 
without  any  determinate  fhape,  floating  be- 
fides,  in  a liquid  without  any  perceptible  con- 
nection with  the  feeds,  continuing  to  grow 
and  becoming  organized  in  it — Thefe  argu- 
ments would  no  doubt  be  fufricient  to  lead 
that  famous  naturalifl  into  the  belief  of  the 
embryo’s  formation  in  the  feed;  he  would 
perhaps  alfo  believe,  that  it  is  formed  of  the 
liquor  in  which  it  floats*  But  if  we  lay  alide 
all  prejudice  in  favour  of  any  feCt,  and  apply 
the  ftridt  principles  of  logic,  we  {hall  find 
thefe  arguments  inadequate.  In  the  firit 
place,  that  a liquor,  or  any  other  inorganic 
fubflance,  fhould  nourifh  and  promote  the 
growth  of  an  organized  body,  is  apropofltion 
eafily  conceived,  and  is  indeed  proved,  by 
daily  observations  on  ourfelves,  on  aniifials, 
and  plants.  But  it  is  not  fo  eafy  to  conceive, 
that  an  inorganic  and  fhapelefs  body,  whether 
liquid  or  folid,  can  be  organized  by  me-- 
chanical  laws  only  : and  with  all  his  elo- 
quence, and  by  all  imaginable  efforts,  the 
naturalifl:  above-mentioned  has  never  {hewn, 
that  one  animal,  or  one  vegetable,  even  among 
thofe  that  appear  the  leaft  perfect,  and  the 
leaft  organized,  owes  its  origin  to  a mecha- 
nical appofition  of  parts.  Secondly,  though 
the  embryo  does  not  appear  to  be  organized, 
this  is  by  no  means  a fure  proof  that  it  is  not. 
During  the  flrft  hours  of  incubation,  the  orga- 
nization of  the  chicken  is  not  perceptible  ; and 
yet  We  cannot  doubt  that  it  is  orgazined,  if 
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it  can  be  proved  to  exift  before  fecundation. 
Nov/  Halier  has  given  the  proof  of  this  with 
refpedi  to  the  chicken  ; and  I have  given  it 
with  refpedt  to  newts,  frogs,  and  toads.  It 
is  therefore  beyond  all  doubt,  that  thefe  am- 
phibious animals  are  organized  before  fecun- 
dation. But  them  organization  is  not  then 
apparent  ; mere  appearances  would  lead  us 
to  fuppofe  them  formlefs  bodies  ; for  we  fee 
nothing  but  fpherules,  confifting  of  a cover 
or  fkin  filled  with  a femifluid  matter.  The 
fame  feemingly  inorganic  ftrudture  continues 
for  fome  time  after  fecundation.  The  em- 
bn  ■os  of  plants,  then,  may  alfo  be  organized, 
although  they  do  not  appear  to  be  fo  ; and  I 
have  certain  proofs  that  this  organization, 
though  not  at  firft  apparent,  is  actually  pre- 
fent.  When  I opened  the  feeds  at  the  time 
the  gelatinous  point  began  to  appear  in  the 
midffi  of  the  liquid,  and  examined  it  without 
ufing  any  method  of  preparation,  I could  dif- 
cover  nothing  that  had  the  appearance  of  be- 
ing organized  ; I faw  neither  lobes  nor  plan- 
tule,  nothing  in  fhort  but  a mucilaginous 
particle.  But  if  I firft  boiled  the  feeds,  this  t 
point  oftener  than  once  put  on  a different  ( 
afpedt.  It  was  not  only  no  longer  gelatinous,  c 
but  when  I turned  it  about,  and  preffed  it  :f 
gently  with  the  point  of  a needle,  it  would 
fometimes  fplit  into  two  exceedingly  minute  t 
pieces,  in  the  middle  of  which  was  implanted  j, 
a pointed  atom  : it  was  not  very  difficult  to  t 
difcover  that  thefe  parts  were  the  lobes  and  f 
piantale,  as  was  ftill  more  manifeft  when  a |j 
microfcoj)e  of  great  magnifying  power  was  t 
employed.  This  point,  therefore,  proved  to  « 
be  organized  at  a time  when  it  was  not  ful- 
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pe&ed  ; nor  is  this  the  firft  occafion,  on  which 
the  adtion  of  fire  has  been  ufed  as  a conve- 
nient method  of  afcertaining  the  organization 
of  a body  which  had  no  filch  appearance.  It 
is  well  known  to  the  cultivators  of  Natural 
Hiftory,  that  the  worms  generated  by  thofe 
winged  infedts,  ufually  called  carrion  jlies, 
after  having  acquired,  by  feeding  on  putrefied 
flefh,  a proper  fize,  are  formed  into  an  elon- 
gated bowl,  in  which  the  fly  is  gradually 
elaborated  ; or,  to  fpeak  more  properly,  un- 
folded. If  thefe  bowls  be  opened  a few  days 
after  they  are  formed,  no  lineaments  of  a fly 
prefent  themfelves  to  the  fight  ; we  find  only 
a kind  of  pap,  without  any  fign  of  organiza- 
tion. But  the  leene  changes,  if  the  bowls 
be  boiled  at  different  periods  ; on  the  third 
day  the  legs  are  vifible,  on  the  fourth  the 
wings,  foon  afterwards  the  probofeis,  and 
laftly  the  animal  perfectly  formed.  Thefe 
obfervations  were  firft  made  by  Reaumur, 
and  in  years  pali  I have  amufed  myfelf  with 
repeating  them. 

But  the  application  of  heat  made  me  ac- 
quainted with  another  truth.  By  boiling  I 
difeovered  the  point,  or  the  embryo,  fome 
days  before  it  ufually  appears.  I have  not 
feen  it  indeed  in  feeds,  containing  a liquor  in 
which  the  embryo  floats,  but  in  fome  of 
thofe  in  which  the  liquor  coagulates  and  is 
infpiflated.  Several  feeds  were  taken  from 
the  fame  ovarium,  and  fome  of  them  were 
boiled  for  a few  inftants,  and  the  reft  left  to 
themfelves.  In  the  latter  I could  not  difeern 
the  embryo,  but  it  was  plainly  to  be  diftin- 
guifhed  in  the  former.  The  difference  arifes 
irom  the  confolidation  of  the  particle,  or  the 
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embryo,  by  the  boiling  water  ; in  the  other 
feeds  it  did  not  (trike  the  fight,  on  account 
of  its  tranfparency  and  fluidity, 

XXXÌX.  I come  to  the  objection  derived 
from  the  infulation  of  the  embryo  in  the 
feeds  ; from  this  circumftance  it  might  be 
fuppofed  to  have  no  dependence  upon  them, 
and  confequently  to  originate  from  the  liquor 
in  which  it  floats.  The  embryo  certainly,  in 
home  cafes,  feemed  to  fwim  at  liberty  in  the 
liquor,  nor  could  I difcover  any  connection 
with  the  feeds,  but  on  other  occafions  I ma- 
nifeftly  difcovered  the  connecting  medium, 
as  in  the  common  bean,  the  radifh,  and  the 
Syrian  fhrubby  mallow;  it  coniifts  of  a mu- 
cilaginous filament,  of  which  one  end  in- 
fmuates  itfelf  between  the  lobes,  and  is  in- 
ferred into  the  plantule,  and  the  other  end 
paffes  out  of  the  lobes,  and  is  attached  to  the 
infide  of  the  feed  (VI.  Vili.  XIX),  This 
filament  probably  confifts  of  a number  of 
veffels,  defigned,  like  the  umbilical  cord  in 
animals,  to  convey  nutriment  to  the  plantule 
and  lobes,  whether  the  nutriment  be  the: 
liquor  lying  in  the  cavity  of  the  feeds,  filtered 
and  rendered  perfeCt  in  thefe  veffels,  or  thq 
fubftance  itfelf  of  the  feeds,  at  the  expence  of 
which  the  lobes  and  plantule  grow;  for  it 
co-nftantly  happens,  that  as  thefe  parts  are  : 
enlarged,  the  internal  fubftance  of  the  feed  is 
defiroyed,  and  at  lepgth  reduced  to  a merq 
fkin.  But  befides  the  .manifelt  communica- 
tion formed  by  this  filament  between  the  em- 
bryo and  the  feeds,  I have  found,  in  more 
Vrdtances  than  one,  that  it  communicates  at 
other  parts  ; as  is  obvious  in  broom,  peafe, 
kidqey  beans,  chick-peafe  (IV.  VII.  IX), 
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If  I have  fometimes  not  been  able  to  find  any 
ligament  palling  from  the  embryo  to  the  feed, 
it  is  not  therefore  to  be  concluded,  that  there 
exifts  none,  but  that  it  cannot  be  difcerned, 
cither  on  account  of  its  minutenefs  or  tranf- 
parency.  For  as  the  embryos,  in  which  the 
filament  is  vifible,  are  unfolded  within  the 
cavity  of  the  feeds,  in  the  fame  invariable 
manner  as  is  obferved  by  Nature,  in  embryos 
appearing  without  this  connecting  medium, 
we  have  juft  reafon  to  infer,  that  it  exifts  in 
the  latter  as  much  as  in  the  former.  That 
the  minutenefs,  and  much  more  the  tranfpa- 
rency  of  thefe  cords,  may  hinder  them  from 
being  feen  ; not  to  mention  the  proof  afforded 
by  the  embryos  themfelves  before  they  are 
fubjeCted  to  the  aCtion  of  fire  (XXXVIII), 
is  confirmed,  by  a ftriking  inftance,  in  the 
tadpoles  of  the  fetid  toad,  while  they  as  yet 
float  in  the  liquor  of  the  amnion  : thele  tad- 
poles are  provided  with  an  umbilical  cord, 
but  which  is  not  vifible  on  account  of  its 
tranfparency. 

As  it  is  evident,  therefore,  that  we  have 
no  foundation  for  fuppofing  the  embryo  to 
be  mechanically  formed  in  the  ovarium  of 
the  plant,  and  as  it  has  been  moreover  proved, 
that  it  does  not  depend  upon  the  powder  of 
the  male,  it  remains  to  be  inferred,  that  it 
pre-exifts  in  the  ovarium.  In  favour  of  its 
pre-exiftence  we  have  another  very  powerful 
argument,  in  the  communication  effected  by 
the  filaments  between  the  embryo  and  the 
feeds  ; for  hence  it  is  clear,  that  the  feed  and 
the  embryo  compofe  but  one  organic  whole. 
As  then  from  all  my  obfervations  it  appears, 
that  the  feeds  pre-exift  in  the  ovarium  long 
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before  the  opening  of  the  flowers,  I fee  no 
reafcn  why  we  fhould  not  alfert  the  fame 
thing  of  the  embryos. 

XL.  The  celebrated  Muller,  a gentleman 
of  Denmark,  made  at  Geneva,  feveral  years 
ago,  under  the  infpedtion  of  Mr.  Bonnet,  an 
obfervàtipn,  nearly  approaching  to  thofe  re- 
lated in  this  DiiTertation.  He  found  the 
feeds  of  peafe  arranged  in  rows  within  the 
pods  before  the  opening  of  the  flowers,  and 
confequently  before  the  action  of  the  pollen 
had  been  exerted  ; but  he  was  not  folicitous  tp 
pulii  his  obfervation  any  farther,  by  examin- 
ing the  infide  of  the  feeds,  or  by  tracing  the 
progrefs  of  evolution.  The  philofopher  of 
Geneva  could  not  but  deduce  important  con- 
fequences  from  this  fadt.  He  began  to  reflect 
upon  the  nature  of  the  feeds,  that  they  were 
bodies  admirably  organized,  bodies  now  in 
miniature  what  they  were  foon  to  be  at  full 
length;  that,  like  all  the  parts  of  the  egg 
taken  together,  all  the  parts  of  thefe  bodies 
confpire  to  form  an  organic  whole.  He 
fuftly  concluded,  that  in  the  feeds  of  peafe, 
fhewn  to  him  by  the  Danifh  naturali!!:,  the 
piantole  exifted  with  its  lobes,  as  in  the  egg, 
however  diminutive,  the  embryo,  with  its 
covers,  lies'  concealed.  Hence  he  thought 
himfelf  authorized  tq  infer,  that  as  the  feeds 
of  peafe  exill  before  the  expanfion  of  the 
blolfoms,  and,  of  coprfe,  before  the  alperflon  of 
the  fecundating  dull,  fo  the  lobes  and  plan- 
tule  pre-exifl:  - in  like  manner  (a)  ; the  very 
fame  confequence  which  I have  above  deduced 
from  my  numerous  obfervations  (XXXIX). 

[a)  Palingénéfie,  T.  I.  page  420,  421. 
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I may  pofiibly  be  afked  by  fome  curious 
perfons,  whether,  after  having  abundantly 
proved,  that  the  embryos  of  my  plants  exiit 
before  fecundation,  or,  to  ufe  an  expreffion 
equally  applicable  to  thofe  which  require 
the  fecundating  duft,  and  thofe  which  do 
not,  before  the  opening  of  the  blofioms, 
I ever  thought  of  having  recourfe  to  fome 
contrivance  for  rendering  them  vilible  before 
this  period.  It  is  proper  to  inform  luch  en- 
quirers, that  the  idea  has  not  only  occurred 
to  me,  but  that  I have  put  it  in  practice, 
though  indeed  without  efFedt.  I have  taken 
the  feeds  out  of  the  clofe  and  compatì:  blof- 
foms,  and  dififedted  them  under  a powerful 
magnifier,  but  have  never  been  able  to  difco- 
ver  any  thing  more  than  by  a glafs  of  inferior 
power,  that  is  to  fay,  an  homogeneous  ge- 
latinous matter.  I doubt  whether  the  em- 
bryo might  not  be  withheld  from  my  view, 
more  by  its  tranfparency,  for  the  jelly  was 
tranfparent,  than  its  fmallnefs.  I boiled 
fome  feed  for  a little  while,  and  fteeped 
others  in  fpirit  of  wine.  The  jelly  was  in- 
ipifiated  in  both  cafes,  but  the  embryo  was 
not  rendered  confpicuous.  Coloured  infu- 
fions  have  fometimes  been  employed  by  na- 
turalifts,  with  the  utmoft  advantage,  to  bring 
into  view  thofe  organs  of  plants,  which  are 
otherwife  invilible.  By  thele  means  Mr.  Bon- 
net has  difcovered  the  finali  veffels  which  arile 
from  the  embryo,  and  pafs  in  a lerpentine  di- 
rection through  the  fubfianceof  the  lobes  {a). 
I put  feveral  feeds  into  differently  coloured 
infufions,  and  they  acquired,  both  externally 
and  internally,  the  colour  of  the  infufion. 

[a)  Rcchcrchcs  fur  l’ufage  dcs  feuillcs. 


But 


§T4  DISSERTATION  III. 

But  die  embryos  were  not  rendered  in  the 
fmalled  degree  perceptible.  Thus  unfuc- 
cefsful  did  thefe  various  trials,  as  well  upon 
clofed  as  expanded  blofioms,  prove,  with 
refpeót  to  the  embryos,  nor  were  they  more 
fortunate  with  refpeót  to  the  lobes.  The 
fame  thing  happened  after  the  failing  of  the 
flowers,  and  the  formation  of  the  cavity  fo 
often  defcribed.  The  whole  advantage 
gained  by  my  applications  arofe  from  fpirit 
of  wine,  which  infpidated  the  liquor  of  the 
cavity  and  the  embryo  at  the  fame  time,  fo 
•that  it  might  be  difcerned  five  or  fix  days 
fooner,  as  I colleóted  from  the  examination 
of  other  feeds  of  the  fame  age  left  on  the 
plant.  This  refult  adds  confirmation  to  the 
truth  above  edablilhed,  that  the  embryos 
are  not  generated,  but  only  unfolded  in  the 
feeds  (XXXVIII,  XXXIX).  It  moreover 
proves  the  extreme  difficulty,  I might  fay, 
the  impoffibility  of  obtaining  a view  of  the 
piantale  before  the  expanfion  of  the  blol- 
fioms.  When  fpirit  of  wine  enabled  me  to 
difcern  it,  it  was  yet  a moil:  diminutive  atom, 
notwithfiianding  fifteen  days  had  elapfed  fince 
the  opening  of  the  bloflom  in  which  it  grew. 
Now  the  piantale  had,  doubtlefs,  in  this  in- 
terval, palled  through  feveral  fucceffive  dages 
of  growth.  And  hew  prodigioufly  rapid  is 
the  growth  during  this  fird  period  ! How 
inconceivably  finali,  therefore,  mud  the 
piantale  be  before  the  opening  of  the 
dowers  1 Is  it  not  then  unreafonable  to  hope, 
that  we  diali  be  able  to  difcern  an  object  fo 
exceffively  diminutive  ? 

■ XLI.  The  illudrious  Haller  was  the 
fird  who  Ihewcd,  that  in  birds  the  fetus 
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exifts  before  fecundation.  I have  extended 
this  difcovery  to  different  fpecies  of  amphi- 
bious animals.  Thefe  fadts  led  me  to  be- 
lieve it  probable,  that  the  fame  pre-exiftence 
takes  place  in  all  animals.  What  has  been 
difcovered  in  various  individuals  of  the  ani- 
mal kingdom,  has  been  alfo  obferved  in  feveral 
forts  of  plants . I have  therefore  an  equal  right 
to  draw  the  fame  conclufion  with  refpedt  to 
all  plants.  But  if  I may  exprefs  my  deliberate 
opinion  on  this  important  topic,  I dare  not 
affirm  that  the  embryos,  in  all  cafes,  exift  be- 
fore the  opening  of  the  blolfoms.  Such  a deci-r 
fon  would  be  precipitate  ; we  may  learn  from 
a thoufand  examples  the  variety  of  Nature, 
even  in  thofe  operations  which  are  defigned 
to  accomplifh  the  fame  end.  I therefore  only 
obferve,  that  till  the  contrary  fhall  be  proved, 
we  have  juft  reafon  to  continue  in  believing 

Ere-exiftence  to  be  univerfal.  Hence  we 
ave  a new  and  ftriking  point  of  analogy  be- 
tween plants  and  animals,  to  be  added  to  the 
many  others  long  known  ; and  hence  the 
fufpicion,  that  thefe  two  tribes  of  organized 
beings  compofe,  perhaps,  only  one  immenfe 
family,  receives  ftrong  confirmation. 

XLII.  Bafil  and  mercury  are  two  plants, 
which  unite  with  many  others,  to  fhew  the 
neceffity  of  pollen  to  fecundation.  The  latter 
of  thefe  is  particularly  deferving  of  the  re- 
flections of  the  philosopher.  Female  plants 
of  mercury,  at  no  great  diftance  from  the 
males,  remain  Aerile,  becaufe  the  fecundating 
atmofphere,  if  I may  fo  fpeak,  of  the  latter, 
is  not  far  diffeminated,  on  account  of  the 
fmall  quantity  of  pollen  produced  by  them 
(XXXIII.  XXX  VI) . If  the  males  be  brought 
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near  the  females,  they  bear  fome  productive 
feeds  (XXXIV)  ; but  if  the  males  be  placed 
almoft  in  contadi  with  the  females,  the 
greateft  part  of  the  feeds  will  adhere  and 
ripen  and  germinate  (XXXV).  Should  the 
males  be  again  removed,  the  females  return 
to  their  former  barrennefs  (XXXVI).  This 
experiment  is  exaCtly  conformable  to  one  re- 
lated by  Duhamel  and  Bernard  Juffieu.  Thofe 
botaniits  having  obferved,  that  a female  tur- 
pentine-tree, growing  in  a garden  at  Paris, 
remained  conftantly  barren  for  want  of  a male, 
notwithftanding  it  flowered  every  year,  de- 
termined to  bring  one  near  it.  The  very 
year  they  put  their  defign  in  execution,  the 
female  bore  a plentiful  crop  of  fruit  and  pro- 
ductive feeds.  But  the  following  year  the 
male,  which  grew  in  a pot,  being  carried  to 
its  former  ftation  (a),  the  female  relap  fed 
into  its  accuftomed  iterili ty  (ò). 

( a ) Duhamel  Phyfique  des  Arb.  T.  I. 

\b)  There  is  growing  in  the  Bifhop  of  London’s  garden, 
at  Fulham,  a male  tree  of  this  fpecies,  and  in  the  botanic 
garden  at  Chelfea,  a female.  Some  years  fince  an  attempt 
was  made  to  fecundate  the  female,  from  which  the  feeds 
always  drop  prematurely,  by  carrying  fome  branches  cut 
from  the  male,  and  fixing  them  upon  the  female.  But 
the  experiment,  from  whatever  caufe,  proved  unfuccefs- 
ful  : whether  the  antherae  had  already  fhed  their  powder, 
or  whether  it  was  fliaken  off  in  carrying.  Plants  of  the 
turpentine-tree  are  fcarce  and  valuable  ; it  would  there- 
fore be  an  objeft,  not  only  of  curiofity,  but  of  ufe,  to  fuc- 
cced  in  the  fecundation  of  the  female  ; and  furely  the  end 
may  be  attained,  by  a little  patience  and  dexterity.  Let 
fome  pollen,  for  inftance,  be  gathered,  and  carefully 
fprinkled  upon  the  female  bloffoms,  according  to  the  me- 
thod fuccefsfully  employed  by  Mr.  Gleditfch,  in  impreg- 
nating the  palm.  .Ti 
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XLIII.  The  fuccefsful  experiment  of  Mr. 
Gleditfch  upon  the  palm,  denominated  Cha- 
mairops , by  Linnaeus,  and  by  Boerhaave 
Palma  dally  lifer  a major , fpinofa,  fcemina , folio 
flabelliformi,  has  been  much  celebrated.  This 
palm,  which  grew  in  the  Royal  Garden  at 
Berlin,  and  is  perhaps  ftill  growing  there, 
had  never  borne  fruit,  notwithstanding  it 
was  eighty  years  old.  The  fagacious  natu- 
ralift  fufpedting,  that  the  failure  arofe  from 
the  want  of  a male  plant  in  the  garden,  and 
having  no  opportunity  of  availing  himfelf  of 
the  expedient  employed  by  the  two  Acade- 
micians of  Paris,  had  recourfe  to  the  only 
alternative  remaining.  He  procured  fome 
pollen  from  the  male  of  the  fame  fpecies, 
and  Sprinkled  it  upon  fome  of  the  female 
blofloms.  The  event  correfponded  admira- 
bly with  the  views  of  the  curious  obferver. 
All  the  flowers  that  were  touched  by  the 
pollen  produced  dates  in  proper  feafon,  and 
from  the  feeds  which  were  planted  there 
fprang  an  equal  number  of  young  palms  ; but 
the  other  flowers,  upon  which  the  influence 
of  the  pollen  had  not  been  exerted,  loft  the 
greatefl:  part  of  their  fruit,  while  it  was  yet 
finali,  and  in  the  little  that  remained,  there 
was  no  ftone,  nor  did  the  feeds  germinate  (a). 
One  circumstance  attending  this  artificial 
fecundation  deferves  to  be  mentioned.  The 
pollen  employed  by  the  botanifl  of  Berlin 
was  not  frefli,  but  dry  ; it  had  been  gathered 
nine  days. 

When  I was  making  my  experiments  upon 
mercury,  it  did  not  occur  to  me  to  attempt 

{c 1 ) Acad,  de  PrulT.  for  the  year  1767. 
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artificial  fecundation  ^ but  I have  not  the  leali 
hefitation  in  fuppofing,  that  my  fuccefs  would 
have  been  the  fame  as  that  of  the  Prulfian 
naturalift.  And  as  fuch  experiments,  under 
the  guidance  of  a philofophical  mind,  cannot 
but  throw  great  light  upon  the  obfcure  fub- 
jedt  of  the  fecundation  of  plants,  I exhort 
botanilis  to  undertake  them  upon  mercury* 
a plant,  not  confined,  like  the  palm,  to  a few 
countries,  but  widely  fpread  over  the  globe, 
I could  wilh,  that,  in  the  firli  place,  if  I may 
be  allowed  to  exprefs  my  (lender  conceptions, 
the  pollen  of  the  mercury  might  be  carefully 
examined,  in  order  to  difcover  what  part  of 
it  is  the  immediate  caufe  of  fecundation.  I 
have  already  obferved  (XV),  that  it  confifts 
of  veficles.  In  thefe  veficles  the  induliry  of 
enquirers  has  detected  a fubtile  liquor,  con- 
taining a multitude  of  globules.  This  fimple 
obfervation  has  given  rife  to  feveral  difcor- 
dant  opinions.  Some  have  fuppofed  the  glo- 
bules to  be  the  immediate  agents  of  fecunda- 
tion ; others  have  attributed  this  effedt  to  the 
fubtile  liquor  ; nor  have  there  been  wanting 
others,  who  have  imagined  it  to  be  produced 
by  a fluid  of  exceflive  tenuity,  a fpecies  of 
vital  fpirit,  exhaling  from  the  above-men- 
tioned liquor,  which  ferves  only  as  a vehicle 
to  the  fluid  {a).  A few  delicate  experiments 
Would  perhaps  determine  which  of  thefe 
opinions  is  the  true  one.  With  refpedt  to 
the  laft,  we  might  probably  put  it  to  the 
proof,  by  occafioning  the  explofion  of  the 
veficles  by  moifture,  and  expoling  the  liquor 
they  yield  for  fome  time  to  the  air.  If  it 

(a)  Adanfon  families  des  Plantes,  T.  i. 
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will  not  now  fecundate  the  female  blofforrfs 
of  mercury,  it  would  feem,  that  it  is  effected 
by  fuch  a fipirit,  or  at  lead:  the  moft  fubtley 
aàive,  and  volatile  part  of  the  liquor,  which 
by  this  time  has  evaporated.  But  Ihould 
fecundation  nevertheless  take  place,  inftead 
of  imputing  it  to  the  fpirit,  it  muft  be 
afcribed  either  to  the  liquor  or  the  globules, 
and  then  the  refult  of  my  experiments  upon 
animals  would  be  verified  with  refpeéf  to 
plants  : it  would  appear,  that  the  efficient 
caule  of  fecundation  is  not  the  fubtie,  volatile 
part  of  the  fpermatic  liquor,  but  the  grofs 
fenlible  portion.  Next,  in  order  to  learn 
whether  the  globules,  or  the  liquor  inde- 
pendent of  them,  produces  fecundation,  it 
will  be  neceflary  to  feparate  the  one  from  the 
other,  and  touch  different  female  bloffoms 
with  each  ; nor  do  I think,  that  aperfon  ac- 
euftomed  to  delicate  experiments,  would  find 
it  very  difficult  to  effect  this  feparation. 

XLIV,  Mr.  Adanfon  lays  it  down  as  a 
certain  truth,  that  the  fmalleff  particle  ima- 
ginable of  pollen  falling  upon  the  ffigma, 
will  produce  fecundation  (a).  If  this  was 
really  the  cafe,  the  impregnation  of  plants 
would  in  this  particular  agree  with  that  of 
feveral  amphibious  animals,  for  which  I 
have  ffiewn  an  infinitely  fmall  drop  of  feed. 
I to  be  fufficient.  But  this  renowned  Academi- 
cian muft  allow  me  to  remark,  that  what  he 
advances  is  a mere  hypothefis,  in  lupport  of 
which  he  does  not  bring  the  fmalleft  p resump- 
tion, much  lefs  any  proof:  nor  does  he  offer 
I either  prefumption  or  proof  of  the  exiftence  of 
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this  vital  fecundating  fpirit  in  plants,  not- 
withftanding  he  alTerts,  that  the  embryos  of 
animals  are  impregnated  by  a fpirit  of  the 
fame  nature,  iffuing  from  the  feed;  an  afler- 
tion  which  my  experiments  fhew  to  be  abfo- 
lutely  falfe.  Nothing,  however,  can  be  eafier 
than  to  bring  this  hypothecs  to  the  ted:  of 
proper  experiments,  by  artificially  fecundat- 
ing mercury.  And  were  fuch  experiments 
diverhbed,  like  mine  upon  animals,  I have 
no  doubt  but  that  they  would  furnifh  new 
and  curious  information. 

XLV.  The  feminal  liquors  of  animals  and 
plants  pofiefs  one  property  in  common  ; they 
retain  their  virtue  for  fome  time  after  they 
have  been  taken  from  their  natural  refervoirs. 
The  feed  of  frogs  and  toads  preferves  its  pro-* 
iific  power  for  feveral  days  after  it  has  been 
taken  out  of  the  animals;  and  the  fame  qua- 
lity was  obferved  in  the  pollen  of  the  palm, 
feveral  days  after  it  was  feparated  from  the 
plant  (XLIII).  But  the  feed  of  animals  be- 
comes in  no  very  long  time  inert.  Are  we 
to  fuppofe  that  the  fame  thing  happens  to 
the  poilen  after  the  dropping  of  the  ftamina  ? 
If  we  conllder  the  phyfical  caufe  which,  ac- 
cording to  every  appearance,  deftroys  the 
virtue  of  the  feed  of  animals,  it  would  feem 
as  if  the  inference  was  not  very  jud:.  The 
feed  of  animals  becomes  unfit  for  fecunda- 
tion  exactly  in  proportion  as  it  putrefies  ; and 
if  it  can  be  preferred  from  putrefaction,  it 
continues  to  be  prolific.  This  fpecies  of 
corruption  does  not  feem  fo  much  to  be  ap- 
prehended in  the  pollen,  or  rather  in  the  at- 
tenuated liquor  which  it  contains.  From 
the  analyfis  given  by  able  naturalifts  we  learn. 
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that  the  liquor  is  of  an  oily  nature,  and  refufes 
to  mix  with  water  (c).  It  appears,  therefore, 
not  unreafcnable  tofiippofe,  that,  like  other  ve- 
getable oils,  it  will  keep  for  a long  time  ; hence 
fonie  may  be  induced  to  think  that  the  pro- 
lific virtue  of  the  pollen  continues  fo  much 
longer  than  is  generally  believed,  that  there 
is  nothing  extravagant  in  imagining  it  to  laft 
for  many  months,  nay  for  a number  of  years. 
But  notwithftanding  its  oily  nature,  which 
may  feem  likely  to  preferve  it  from  putrefy- 
ing, the  following  reafons  lead  me  to  fuppofe 
that  it  foon  loles  its  prolific  powen  In  order 
that  this  liquor  may  produce  its  proper  effedt, 
and  the  fame  obfervation  is  applicable  to  the 
globules  and  the  fpirit  of  Adanfon  (XLIII);> 
it  mult  at  the  time  it  adts  on  the  ftigma  iffue 
from  the  vehicles,  dr  have  been  lately  dif- 
charged,  for  it  is  natural  to  fuppofe,  that  by 
expofure  to  the  injuries  of  the  air  it  muft  be 
difperfed,  altered,  and  rendered  unfit  for  fe- 
cundation. But  this  difperfion  and  altera- 
tion muft  unavoidably  happen  to  pollen,  that 
has  been  ripe  for  fome  time.  According  to 
Mr.  Needham’s  obfervation,  which  has  been 
verified  as  well  by  others  as  by  me,  that  if  the 
ripe  pollen  of  any  plant  whatever  be  examined 
by  the  micro fcope,  we  fhall  always  perceive 
fome  veficles  from  which  the  liquor  has 
efcaped;  thofe  that  ffcill  retain  it  will  ex- 
plode if  they  be  wetted,  like  an  eolopile  fud- 
denly  expofed  to  a ftrong  heat.  It  is  equally 
agreeable  and  furpriling  to  fee  the  fucccfiive 
explofion  of  the  veficles,  and  the  projedtion  of 
the  liquor,  a few  in  Hants  after  the  application 

(<•)  Gleditfch.  !.  c. 
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of  water.  From  this  experiment  it  appears, 
that  the  veficles  remaining  after  fecundation, 
whether  they  float  in  the  atmofphere  or  fall 
to  the  ground,  cannot  continue  long  without 
exploding  and  difpelling  their  contents,  be- 
caufe  fome  veficles  will  burft  fpontaneoufly, 
and  the  exploflon  of  the  reft  will  inevitably 
be  occafioned  by  vapour,  dew,  or  at  leaft  by 
rain.  Thefe  agents  will,  I am  perfuaded, 
prevent  the  pollen  from  retaining  its  prolific 
virtue  long  after  the  feafon  of  fecundation. 
That  rain,  in  particular,  is  deftrudive  of  this 
quality  evidently  appears  from  thofe  plants, 
which,  during  the  time  of  flowering,  are 
expofed  to  violent  rains,  being  either  barren 
or  bearing  only  unproductive  feeds.  This 
failure  is  owing  to  the  exploflon  of  the  vefl- 
cles  before  they  reach  the  ftigma,  the  fltua- 
tion  in  which  they  fecundate  the  embryos 
contained  in  the  ovarium. 

However  this  may  be,  to  return  for  one 
moment  to  the  continuance  of  the  virtue  of 
the  pollen,  after  the  ftamina  are  withered. — 
The  term  ought  certainly  to  be  afcertained 
both  in  mercury  and  other  plants.  The 
fubjed  is  highly  interefting. 

XLVI.  It  has  been  ufually  admitted  as  a 
decided  point,  that  fecundation  is  effected  by 
fome  veficles,  or,  according  to  the  common 
expreflion,  by  fome  granules  of  pollen,  which 
entering  through  the  ftigma  into  the  ftyle, 
advance  into  its  longitudinal  dud,  till  being 
flopped  by  the  narrownefs  of  the  paflage,  and 
moreover  moiftened  by  the  juice  oozing  out 
from  the  fldes,  they  burft  and  fend  forth  the 
fpermatic  vapour,  which  penetrates  as  far  as 
the  ovarium,  and  impregnates  the  feeds  con- 
tained 
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tained  in  it.  But  this  explanation  has  not 
had  the  good  fortune  of  meeting  with  Mn 
Acknfon's  approbation  ; not  that  he  denies 
the  pre-exiftence  of  the  feed  in  the  ovarium, 
nor  that  it  is  fecundated  by  the  liquor  of  the 
pollen,  or,  as  he  calls  it,  by  the  vital  fpirit 
refiding  in  it.  But  he  pretends  that  the  vital 
fpirit  does  not  pafs  along  this  dud:  to  the 
feeds,  becaufe  in  many  plants  there  is  no  fuch 
dud  exifling.  He  allows,  indeed,  that  in 
fome  plants,  as  in  feveral  of  the  liliaceous 
tribe,  the  canal  extends  from  the  ftigma  to 
the  ovarium,  but  he  afferts  that  it  is  others 
wife  in  the  greater  number  of  other  plants, 
which  have  their  piftils  imperforated.  In 
order,  therefore,  to  explain  the  manner  of 
fecundation,  he  imagines  that  his  vital  fpirit, 
which  in  fubtility  and  adivity  is  equal  to  the 
eledrical  fluid,  pafles  along  the  tracheae  that 
terminate  at  the  furface  of  the  ftigmata  into 
the  placenta,  whence  it  infinuates  itfelf  into 
the  feed,  and  fecundates  the  embryo  (a). 
The  illuftrious  Bonnet,  in  a fenfible  and  pro- 
found Memoir,  entituled,  Idées fur  la  Fecun- 
dation des  Plantes  ( b ),  mentions  the  opinion 
of  Adanfon,  but  appears  little  fatisfied  with 
his  hypothefls  concerning  the  trachea,  on 
account  of  its  being  altogether  precarious, 
although  it  is  propofed  by  the  author  as  a well - 
afcertained  fad,  and  moreover  finds  great 
difficulty  in  admitting  that  any  pilfils  are 
without  a dud,  and  perfedly  clofed.  Hence, 
prompted  by  his  conftant  ardour  for  the  in- 

(a)  L.  c. 

(b)  Infertcd  in  Rozier’s  Journal  for  1774,  and  re- 
rinted  in  his  works. 
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veftigation  of  truth,  he  takes  occafion  to  ex- 
hort philofophical  botanifts  to  examine  this 
matter  afrefh.  . Although  it  was  not  my  pur- 
pofe,  when  I was  making  enquiries  concern- 
ing the  generation  of  plants,  to  enter  upon  a 
complete  examination  of  the  internal  ftrudlure 
of  the  pi.ftil,  I did,  however,  occalionally 
examine  fome.  For  this  purpofe  I cut  the 
piftil  tranfverfely  into  feveral  pieces,  and  then 
placed  them  vertically  under  the  microfcope. 
Thus  I could  afcertain  whether  they  were 
perforated  or  not.  I found  that  fome  piftil# 
were  completely  perforated  from  the  ftigma 
to  the  ovarium  ; in  others,  the  canal  did  not 
reach  above  half  the  length,  and  fometimes 
not  fo  far  down.  Laftly,  in  feveral  other 
piifils  there  appeared  no  perforation  at  all. 
Upon  the  piftils  of  mercury  I made  no  obfer- 
vation,  which,  however,  it  would  be  proper 
to  do  ; and  then  the  validity  of  that  hypo- 
thefis,  according  to  which  fecundation  is  not 
effected  by  the  palfage  of  a fubtile  impregnat- 
ing fubftance  along  the  dudl  of  the  piftil, 
hut  along  the  tracheae,  which  terminate  on 
the  furface  of  the  ftigmata,  may  be  fcruti- 
nized.  Icouldwilh  that  fome  pollen  might 
be  laid  upon  their  furface,  while  care  is,  at 
the  fame  time  taken,  that  none  enters  into 
the  aperture  of  the  dudt  : and  that  on  other 
piftils  the  inverfe  experiment  might  be  at- 
tempted, that  is  to  fay,  that  fome  pollen 
might  be  introduced  into  the  opening,  while 
the  furface  remains  untouched,  and  that  we 
might  fufpend  our  opinion  till  we  know  the 
iffue  of  the  trial. 

XLVII.  But  although  I could  difcern  no  j 
du&  in  the  piflils  of  fome  plants».  I am  not,  ! 
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with  Mr.  Adanfon,  difpofed  to  think  that 
there  are  none.  While  I iincerely  with  for 
knowledge  extenfive  as  his,  I fhould  be  forry 
to  reafon  in  the  fame  manner.  I have  found 
that  the  velicles  or  granules  of  pollen  vary 
with  the  lize  of  the  plant,  an  obfervation 
which  has  been  made  and  publilhed  many 
years  fince  by  other  naturalifts.  Some  are  fo 
large  as  to  be  perceptible  by  means  of  a fingle 
glafs;  while  others  are  fcarce  difcerned  by 
the  aid  of  the  microfcope.  Hence  I can  be- 
lieve, without  reluctance,  that  there  are  fome 
«which  no  affiftance  can  bring  under  the  cog- 
nizance of  the  fenfes.  If  we  fuppofe  the 
duct  in  the  piftil  to  be  the  canal  of  fecunda- 
tion, its  area  will  be  proportional  to  the  bulk 
of  the  granules  which  are  to  enter  it  : if  they 
be  large,  the  paffage  mult  be  wide  ; if  they 
be  very  fmall  or  invilible,  the  palfage  will 
probably  be  fo  alfo.  According  to  this  fup- 
pofition  then,  we  lhall  not  be  able  to  fee  the 
duCt,  Ihould  it  even  exilt.  In  order  to  de- 
termine whether  my  reflection  be  jult,  it  will 
be  only  necelfary  to  obferve,  whether  the 
granules  of  pollen  are  invilible  when  the 
pilTil  appears  to  be  without  a duCt.  But 
fhould  the  granules  be  perceptible,  and  the 
pilli] s have  no  canal,  as  far  as  the  eye  can 
judge,  it  would  hence  follow,  that  this  is 
really  the  cafe,  for  it  may  eafily  happen,  that 
the  piftil  finali  be  examined  at  a time  when 
the  duCt  is  either  not  yet  open  or  has  clofed. 
Let  me  at  once  illuftrate  and  prove  this  pro- 
polition.  In  the  Sponfalia  Plant  arum , which 
is  without  doubt  one  of  the  beft  diftertations 
in  the  Amcenitates  Academic cei  the  celebrated 
Linnaeus  defcribing  the  amours  of'  plants 
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with  great  complacency,  and  in  the  fama 
ftrain  in  which  another  naturali!!  would  de- 
fcribe  the  amours  of  animals.  He  adduces, 
among  other  evident  marks  of  the  female’s 
appetite  for  the  male,  the  direction  of  the 
ftigma  towards  the  piftil  and  its  dilation, 
like  the  gaping  of  a ravenous  dragon,  long- 
ing for  the  pollen  of  the  male,  with  which, 
when  it  is  fatiated,  it  clofes.  Gratiola , thefe 
are  his  expreffions,  cefiro  venereo  agitata  pifi- 
tillum  Jìigmate  hiat  rapacis  infiar  draconis  nil 
nifi  mafic uUnum  pulverem  qffefilam  ; at  fiat ia t a 
ridlu?n  cl  audit.  He  applies  terms  of  like 
import  to  various  other  plants.  The  reader 
muft  by  this  time  perceive,  that  what  I 
would  obferve  is,  that  we  may  poffibly  mifs 
the  exadt  feafon  of  the  female’s  ardour  for 
the  male;  and  then  the  aperture  of  the  ftigma 
will  either  be  doled  after  fatiety,  or  not  yet 
opened.  Hence  we  ftaould  falfely  conclude, 
that  thefe  ftigmas  are  without  dudts.  A cir- 
cumftance  of  the  fame  kind  happens  to  various 
animals,  particularly  to  feme  of  the  amphibious 
clafs,  as  frogs,  toads,  newts,  of  which  the 
females  have  their  oviducts  quite  free  and 
open  at  the  feafon  of  their  amours  ; but  at 
all  other  times  they  are  fo  narrow,  that  air 
can  fcarce  be  introduced  into  them  by  means 
qf  a frnall  fyringe.  If  1 Ihould  be  a/ked, 
when  the  female  is  moft  ardent,  and  when, 
qf  courfe,  the  dudts  are  to  be  fought  for,  I 
would  anfwer  with  Mr.  Gleditlch,  that  at 
this  period  the  delicate  papillcc  upon  the 
ftigma  are  llightly  covered  with  moifture  of 
the  fame  kind  as  that  which  tranfudes  from 
the  veficles  of  pollen,  for  then,  according  to 
that  author,  fecundation  takes  place. 

XLVIII, 
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XLVIII.  I have  before  obferved,  that  the 
fur  face  only  of  the  ifigma  without  the  orifice 
might  be  touched  with  the  pollen  of  mer- 
cury (XLVI).  But  I fhould  wifh  to  know 
allo,  what  would  be  the  confequence  of 
touching  other  parts,  as  for  infhmce  the  fur- 
face  of  the  Etile.  Fecundation  might  be  alfo 
attempted  upon  the  leaves  and  root  of  female 
mercury.  This  idea  is  not  my  own,  but 
partly  at  leajft  Mr.  Bonnet’s,  who  obligingly 
communicated  it  to  me  fome  time  linee, 
that  I might  put  it  to  trial,  but  I have  been 
hindered  by  my  other  purluits.  Let  us  hear 
him  in  his  own  words  : The  author,”  (who 
is,  as  he  fuppofes,  M.  Fougeroux,  fee  the 
long  note  at  paragraph  XXV),  “ finifhes  his 
Memoir  with  fome  ingenious  views,  which 
to  him  appear  worthy  to  be  followed  up  : 
I earneftly  wifh  you  could  undertake  this 
tafk  : He  would  be  glad,  for  infhmce,  that 
attempts  were  made  to  fecundate  female 
plants  by  the  root.  This  idea  certainly  de- 
lerves  to  be  brought  to  the  tell  of  experi- 
ment. But  the  root  is  at  a great  diftance 
from  the  flower,  and  the  impregnating  lpirit 
rnufl  travel  far  before  it  can  reach  the  ova- 
rium. It  would  be  therefore  proper  to  try 
I the  fhorter  road  of  the  leaves,  and  above  all 
I of  the  petals.” 

XLIX.  But  it  is  time  to  proceed  from 
mercury  to  other  plants,  not  iefs  worthy  of 
the  attention  of  the  naturali!!:.  In  mercury, 
I as  well  as  in  bafil,  we  have  feen  the  neceffity" 
I of  pollen  to  fecundation.  The  pumpion  or 
I gourd  with  fhicld-form  fruit,  the  citron 
pumpion,  hemp,  fpinach,  exhibited  a pha?- 
I nomenon  direftly  contrary:  they  produced, 

Y 4 without 
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without  the  influence  of  the  male  duft,  feeds 
capable  of  peimetuating  the  fpecies.  And  in 
order  to  be  fatisfied  that  the  duft  had  no 
Ihare  in  producing  the  effebt,  recourfe  was 
had  to  the  moft  vigilant  precautions,  and  the 
moil  decifive  proofs.  The  pumpion  with 
fhield-form  fruit  flowered  in  a place  many 
miles  diftant  from  any  plant  of  the  fame  or 
a neighbouring  fpecies  : moreover,  the  male 
flowers  were  all  plucked  off  at  their  firft  ap- 
pearance (XX,  XXI).  The  fame  precau- 
tions were  ufed  with  refpedt  to  the  other 
fpecies  of  pumpion,  with  the  addition  of  a 
tnird  3 the  accefs  of  the  external  air  to  the 
female  flowers,  was  prevented  during  all  the 
time,  in  the  courfe  of  which  they  muft,  in 
the  opinion  of  botanifts,  be  impregnated  by 
the  pollen  ; for  this  purpofe  the  bloflbms 
and  branches  were  introduced  into  glafs 
bottles  pierfedfly  clofe  (XXXII).  Various 
precautions  were  likewife  taken  with  hemp. 
In  the  firft  place,  feveral  female  individuals 
were  lhut  up  in  an  apartment,  from  three 
weeks  before  their  flowering  to  the  time  of 
the  ripening  of  the  feeds.  Secondly,  fome 
branches  were  inclofed  in  bottles  for  the 
fame  fpace,  as  in  the  citron-pumpion. 
Thirdly,  fome  female  ftalks  were  made  to 
flower  fix  weeks  before  thofe  which  grew  in 
the  hemp-yards.  Laftly,  I allured  myfelf, 
that  no  male  bloflom  ever  grew  upon  the 
females  (XXVI,  XXVII,  XXVIII,  XXIX). 
Precautions  of  the  fame  kind  were  obferved 
with  refpedt  to  fpinach  3 fome  female  plants 
were  railed  in  a garden,  in  which  there  were 
no  males  5 fecondly,  the  pot  was  completely 
covered  with  a glaf$  receiver,  when  the 
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flowers  with  piStils  were  in  bloSTom  -,  thirdly, 
bloffoms  with  piStils  were  procured  earlier 
than  the  ufual  appearance  of  blofloms  with 
Stamina  in  the  gardens  and  fields  : laStly,  I 
took  care  to  fatisfy  myfelf,  that  none  of  the 
females  ever  Droduced  any  male  flower 
(XXX,  XXXI,  XXXII).  One  circumftance 
relative  to  hemp  I mull  not  omit  to  repeat  ; 
the  feeds  of  individuals  confined  in  an  apart- 
ment, were  lefs  numerous  and  fmaller  than 
of  thofe  which  grow  in  the  open  air.  Both 
thefe  defedts  were  Itili  more  remarkable  on 
thofe  branches  which  were  introduced  into 
bottles  (XXVII,  XXVIII).  Are  we  to  fup- 
pofe,  that  thefe  defedts  arofe  from  want  of 
pollen  ? I am  little  inclined  to  admit  fuel} 
a fuppofition  ; it  is  far  more  probable, 
that  they  were  owing  to  confinement  in  an 
apartment,  and  what  was  ftill  more  unfa- 
vourable, in  bottles  : hence  the  plants,  and 
confequently  the  feeds  could  not  attain  the 
fame  degree  of  perfection  as  thofe,  which  in 
the  fields  enjoyed  the  benefit  of  frelli  and 
open  air,  and  were  fubjedt  to  the  di  red!  in- 
fluence of  the  folar  rays.  My  opinion  is 
Strongly  confirmed  by  thofe  plants  which 
flowered  fix  weeks  earlier  than  the  others, 
and,  notwithstanding  the  abfence  of  the  pol- 
len, produced  perfedt  feeds  as  large,  and  in 
as  great  abundance  as  thofe  of  the  hemp- 
yards,  becaufe  they  were  constantly  expoSed 
to  the  kindly  influence  of  the  air  and  lun 
(XXIX).  From  thefe  observations  on  hemp, 
pumpions,  fpinach,  compared  with  others 
made  on  balli,  mercury,  palm,  turpentine, 
&c.  &c.  it  may  in  general  be  inferred,  that 
jf  a great  number  of  plants  require  the  pow- 
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der  of  the  male,  in  order  to  frudlify,  in  many 
others  fructification  has  no  dependence  on 
this  powder.  And  although  we  are  as  yet 
acquainted  with  a few  only  belonging  to  the 
latter  clafs,  it  will  doubtlefs  increafe  in  pro- 
portion to  the  number,  application,  and  fa- 
gacity  of  thofe  who  fhall  employ  themfeives 
in  cultivating  this  branch  of  the  Natural 
Hiftory  of  vegetables. 

L.  But  by  affirming,  that  there  are  plants 
which  bear  productive  feeds  independently 
of  pollen,  I am  aware,  that  I finali  incur  the 
difpleafure  of  all  modern  naturalità  and  bo- 
tanifts.  They  will  exclaim  again!!  me  with 
the  utmoft  indignation,  and  reproach  me 
with  having  advanced  the  mod:  abfurd  of  all 
polli ble  propofitions.  I finali  be  told,  that  from 
the  days  of  Caelalpinus  to  the  prefent  hour, 
every  naturali!!  of  di!!ind!ion,  Grew,  R.ay, 
Camerarius,  Morland,  Geoffroy,  Vaillant, 
the  Juffieus,  Duhamel,  Adanfon,  Bonnet, 
See.  &c.  have  admitted  the  two  fexes  of 
plants,  and  the  neceffity  of  both  to  fecunda- 
tion— that  the  prince  of  modern  botanills 
has  confecrated  an  entire  effay  to  the  celebra- 
tion of  the  amours  of  plants,  and  to  the  de- 
feription  of  their  fexual  parts— that  upon 
this  diftindtion  of  fex,  as  upon  a folid  and 
immoveable  bafis,  he  has  founded  the  great 
edifice  of  his  famous  Syjiem  of  Nature — that 
in  conformity  with  this  theory  he  defines 
the  bloffioms,  the  organs  of  generation  in 
plants,  which  are  fubfervient  to  the  impregna- 
tion of  the  feeds' — that  in  the  effay,  to  which 
I have  referred,  he  ffiews,  that  the  dui!  of  the 
ffamina  is  not  diffufed,  till  the  itigma  of  the 
piftil  is  in  a fit  condition  to  receive  its  in- 
fluence 
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fluence — that  the  piftils  are  always  difpofed, 
with  refpeCt  to  tne  ftamina,  in  a fituation 
favourable  for  the  reception  of  the  pollen. 
They  will  bring  to  my  recollection  the  proof 
of  the  necefiity  of  the  piftils  and  ftamina  to 
fecundation,  deduced  from  experiment  ; for 
if  the  ftamina  or  piftils  of  hermaphrodite 
flowers  be  cut  away  before  the  time  of  blow- 
ing, fructification  will  infallibly  be  prevent- 
ed; and  the  fame  failure  is  obferved  when- 
ever the  ltamina  are  converted  in  petals, 
or  the  piftils  are  expanded  into  little  leaves. 
Finally,  they  will  adduce,  in  full  confirmation 
of  thefe  affertions,  the  various  inftances  of  ar- 
tificial impregnation,  fuccefsfully  attempted 
by  different  naturalifts  upon  various  fpecies 
or  plants,  by  means  of  pollen.  From  all 
thefe  confiderations,  it  would  feem  no  longer 
to  be  queftioned,  that  the  fecundation  of 
plants,  in  conlequence  of  the  aCtion  of  pollen, 
is  one  of  the  moft  univerfal  laws  of  Nature. 

LI.  Such  are  the  objections  which  I feem 
to  hear  urged  againft  me  by  the  learned  and 
worthy  maintamers  of  fexualifm.  I muft, 
however,  inform  them,  that  I was  not  un- 
acquainted with  thefe  arguments,  when  I 
made  my  experiments  upon  plants.  I knew, 
moreover,  that  fome  of  them  were  direCtly 
oppofite  to  experiments  related  by  the  north- 
ern Pliny;  as  that,  for  inftance,  delcribed  by 
him  in  the  following  terms.  “ Cannabem 
flores  mafculos  tantum  ferentem,  fi  ante  di- 
yellit  ruftica  quam  cannabis  leminifera  flores 
pillili iferos  non  aperuerit,  nullam  aut  fane 
cxiguam  portabit  feminum  copiam  (a).  I 


[a)  Spons  Plant. 
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alfo  had  in  view  an  aftertion,  nearly  alike,  of 
the  illuftrious  Duhamel,  in  his  Phyjique  des 
Arbres.  It  has  been  obferved,  fays  he,  that 
aìi  infiliate d plant  of  fpinach  produces  but  a 
very  little  feed  capable  of  germinating.  When 
I flrft  read  this  writer,  I gave  full  credit  to 
his  aftertion,  for  I had  no  reafon  to  doubt  of 
it  • and  even  quoted  it  in  a note  on  the  Con- 
templation de  la  Nature , tranflated  by  me,  and 
published  at  Modena,  in  the  year  1770. 

Thefe  refpedtable  authorities  ferved  only 
to  render  me  more  diligent,  cautious,  and 
affiduous  in  my  experiments.  They  had  not 
fuch  influence  as  to  make  me  adopt  an  opi- 
nion, contrary  to  that  to  which  fadts  pointed  : 
nor  fhall  they  now  hinder  me  from  making, 
with  proper  deference,  fuch  ftrjdtures  upon 
the  instances  juft  quoted,  as  are  fuggefted  by 
the  difpaftionatc  love  of  truth.  To  begin 
with  the  fadt  mentioned  by  Linnaeus,  it  does 
not  appear  that  he  made  any  experiment  upon 
hemp;  he  feems  merely  to  have  adopted  the 
vulgar  notion,  according  to  which,  if  the 
male  hemp  be  pulled  before  the  flowering  of 
the  female,  the  latter  will  produce  either  no 
feeds  at  all,  or  only  very  few.  To  fhew  the 
fallenefs  of  this  notion,  I have  only  to  advert 
to  my  experiments,  in  which  every  ftalk  of 
hemp  proved  fruitful,  though  they  were  all 
kept  fo  dole,  as  to  be  perfectly  exempt  from 
the  influence  of  pollen — not  to  mention  the 
common  practice,  in  the  territories  of  Reggio 
and  Modena,  of  pulling  the  male  plants  at  a 
period,  after  which  the  females  grow  vigour- 
oufiy  for  leverai  weeks,  and  bear  productive 
feeds.  I intreat  the  learned  reader  to  call  to 
mind  the  twenty-fourth  paragraph,  in  which 
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tills  practice  is  defcribed;  and  alio  to  compare 
the  force  of  my  obfervations  on  hemp,  with 
the  few  contrary  expreffions  of  the  late  Upfal 
Profeffor,  and  then  to  decide.  I give  the 
fame  anfwer  to  Duhamel’s  intimation  con- 
cerning fpinach.  If  that  illuftrious  naturali# 
had  deduced  the  barrennefs  of  this  plant 
when  infulated,  from  experiments  of  his  own, 
I would  have  difcuffed  them,  and  have  ren- 
dered them  all  the  j uff  ice  they  would  have 
deferved;  but  he  barely  mentions  the  com- 
mon fuppofition,  which  is  contradicted  by 
the  faCts  adduced  by  me. 

With  refpeCt  to  the  diftufion  of  the  pollen, 
which  was  the  hr#  of  the  three  arguments  in 
favour  of  the  iexual  fyftem,  only  at  a time 
when  the  ftigma  is  in  a fit  condition  to  re- 
ceive it  ; and  with  refpeCt  to  the  favourable 
poiition  of  the  ftamina  and  piftil,  the  philo- 
sopher will  immediately  perceive,  that  thefe 
are  by  no  means  direCt  proofs  of  the  fexual, 
fyftem,  but  mere  confederations  relative  to 
convenience,  calculated,  if  I may  employ  the 
expreffions  of  the  great  Verulam,  rather  to 
allure,  than  to  extort  affient. 

LII.  Of  the  Second  argument,  deduced 
from  the  failure  of  fructification,  when  the 
ftamina  or  piftils  are  either  cut  away  or  dege-, 
nerate,  I muft  take  the  liberty  to  obferve, 
that  fuch  inftances  do  not  prove  that  thefe 
parts  are  the  organs  of  generation,  but  merely 
that  they  have  fame  concern  in  this  function, 
as  well  as  many  other  parts,  which  yet  have 
never  been  fufpeCted  to  be  appropriated  to 
generation.  The  only  fads  which  clearly 
evince  the  diftinCtion  of  fexes  in  plants,  are 
inftances  of  the  failure  of  fructification  in- 
6 females 
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females  placed  at  a diftance  from  males,  and 
of  artificial  fecundation,  which  was  the  third 
argument  adduced.  But  diali  we  conclude, 
with  thefe  worthy  naturalifts,  that  fuch  fadts, 
of  which  fo  few  are  known,  in  comparison 
with  the  immenfe  multitude  of  plants,  are 
fufficient  to  eftablifh  an  univerfal  diftindtion 
of  fexes  ? Is  it  not,  on  the  contrary,  evident, 
that  they  have  deduced  a general  conclufion 
from  particular  premifes  ? They  ought  at 
mod;  to  have  faid  no  more  than  that,  confi- 
dering  the  clofe  analogy  which  plants  of  dif- 
ferent clafles,  genera,  and  fpecies,  bear  to 
one  another  in  their  properties,  and  that  as  a 
diftindtion  of  fexes  has  been  demonftrated  in 
fonie  individuals,  it  probably  extends  to 
others.  Thus,  from  my  dilcovery  of  the 
fetus’s  pre-exiftence  in  the  female  of  different 
amphibious  animals,  and  from  a like  obfer- 
vation  made  on  birds  by  the  great  phyftolo- 
gift  of  Berne,  I fuppofed  that  I might  juftly 
infer,  that  the  fame  pre-exiftence  extends  to 
other  animals.  After  I had  found,  that  the 
embryos  of  feveral  plants  exift  before  the  ap- 
pearance of  the  flowers  (XLI),  I made  the 
fame  inference  with  refpedt  to  all  others. 
But  the  favourers  of  the  fexual  fyftem  are 
not  warranted,  by  fo  in  confi  derable  a number 
of  fadts,  to  eftablifh  it  as  an  univerfal  law,  as 
others  have  done,  befides  Linnseus,  who, 
without  limitation,  defines  flowers,  the  organs 
of  generation  of  plants , which  are  fubfervient 
to  the  fecundation  of  the  feeds.  Hence  he  at- 
tributes to  plants  as  many  males,  or  hufbands, 
as  there  are  ftamina.  But  before  he  lb  de-, 
cifively  determined  the  number  of  hulbands, 
he  ought  to  have  been  fure  that  they  per- 
form 
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form  the  office.  If  this  far-famed  naturali# 
had  facrificed  lefs  to  nomenclature,  and  more 
to  the  fpirit  of  inveftigation,  he  would  have 
been  led  to  fludy  the  parts  of  flowers  more 
philofophically  and  more  profoundly  3 hence 
he  would  have  been  better  enabled  to  afcer- 
tain  the  truth  or  falfhood  of  his  fyflem  : but 
he  was  in  too  great  halle  to  eredi  his  own 
fyflem  upon  the  ruin  of  Tournefort’s  ; and 
his  eagernels  has  not,  perhaps,  been  highly 
advantageous  to  the  philofophy  of  botany. 

LUI . Among  various  particulars  concern- 
ing the  generation  of  plants,  which  I com- 
municated to  Mr.  Bonnet,  in  a letter  dated 
Odtober  the  1 8th,  T777,  and  alluded  to  in  a 
note,  at  paragraph  XXV,  I mentioned  fome 
experiments,  which  were  then  indeed  im~ 
perfedt,  but  feemed  to  fhew,  that  in  fbme 
plants  the  fecundity  of  the  feeds  was  totally 
independent  of  the  powder  of  the  llamina. 
Hence  I concluded,  that  botanifts  in  general 
had  been  guilty  of  a fpecies  of  fophifm.  Al- 
though what  I then  wrote  to  my  illuflrious 
friend  was  but  a fketch  of  thofe  experiments 
which  I afterwards  undertook,  yet  he  ac- 
cepted it  with  complacency,  and  admitted 
my  conclufion,  notwithllanding  his  opinion 
was  before  different.  In  his  anfwer,  dated 
November  the  29th,  the  fame  year,  he  fet 
forth  the  reafons  why  he  had  adopted  the 
fexual  fyflem,  and  fubjoined  the  following 
acknowledgment,  which  amounts  to  a pane- 
gyric on  his  candour.  “ I am,  however, 
fufficiently  convinced  by  your  experiments, 
that  all  the  great  natural  ills  whom  I have 
enumerated,  as  well  as  myfelf,  were  deceived. 
We  had  all  formed  a hafty  dccifion,  and 

drawn 
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drawn  a general  conclufion  from  particular 
premiles.  We  had  deduced  the  neceftity  of 
the  pollen  in  fecundation,  from  experiments 
executed  on  different  fpecies  of  plants,; 
whereas  we  ought  only  to  have  faid,  that 
it  feems  to  follow,  from  thefe  experi- 
ments, that  in  fuch  fpecies  the  influence  of 
the  pollen  appears  to  be  neceflary  to  fecun- 
dation. ” 


LIV.  Such  indeed  is  the  fatal  rock  on 
which  the  genius  of  fyftem- makers  ufually 
fplitsl— They  illogically  deduce  general  pro- 
portions from  particular  proofs.  Finding 
that  certain  parts  are  common  to  a number 
of  plants,  and  that  in  them  they  perform 
particular  functions,  and  have  particular  pro- 
perties, they  determine,  with  wonderful  faci- 
lity, that  the  fame  things  take  place  in  all 
other  plants  : and  on  thefe  parts  performing 
fuch  functions,  and  endowed  with  fuch  pro- 
perties, they  found  their  fyftem  of  botany, 
without  perceiving,  that  before  the  fyftem 
can  have  fuch  an  unlimited  generality  as  they 
pretend.,  they  ought  to  be  acquainted  with  all 
the  plants  of  the  earth.  But  how  many  are 
yet  unknown  ? How  many  more  than  are 
known  ? With  what  propriety  then  can  the 
whole  vegetable  kingdom  be  comprehended 
under  one  law  ? Does  the  organic  world 
afford  a ftngle  law,  which  can  be  called  uni- 
■verlal  ? Have  not  the  laws,  which  haftily  and 
imprudently  were  eftablifhed  as  univerfal, 
been  found  not  to  be  really  fuch  ? The  learned 
botanift, Necker,  in  his Pbyjiology  of  Majjes {a), 
ably  points  out  this  defedi  of  fyftem -makers. 


(tf)  Phyfiologia  Mufcorum,  Manhemii,  1774. 
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iu  which  he  diftinguifhes  them  from  obferv- 
ers;  not  indeed  with  great  purity  of  ftyle, 
yet  with  the  utmoft  juftnefs  of  fentiment. 
“ Alterum  fyftematicum,  alterum  obferva- 
torem  diftinguimus.  Ille  non  nifi  quibuf- 
dam  plantarum  fpeciebus  univerfa  ftabilit  fyf- 
temata  : à particulari  ad  univerfale  concludit, 
i.  e.  omnibus  globi  terraquei  vegetabilibus 
eafdem  proprietates  ac  iis  quas  experimentis 
explorata  funt,  tribuit.  Obfervator  omnia 
theoretica  rejicit  fyftemata,  folis  obfervati- 
onibus  necnon  experimentis  innixus.  Natu- 
rarci perfcrutans  : perfedtio  botanices  ab  indi- 
viduorum  fingulorum  inter  fe  affinium  eorum- 
que  identicorum  charadterum  notitia  effen- 
tialiter  pendet.  Ea  proportione  notitia  hasc 
acquiretur,  qua  obfervatorum  numerus,  qui 
valde  exiguus,  augebitur  fyftematicorumque 
cumulus  minuetur.  Certum  indubitatum- 
que  quod  fyftematicum  ingenium  precipua 
caufa  fit  cur  de  modico  prefedtu  botanices 
dolemus.  Syftemata  botanica  cum  tempore 
exolefcunt,  quia  Natura  ac  experientia  potif- 
fimum  non  nituntur.”  . 

LV.  That  Nature  fhould  follow  a different 
procefs  in  different  plants — that  fome  fhould 
require  the  influence  of  pollen  in  order  to 
multiply  the  lpecies,  while  it  is  not  neceffary 
to  others,  is  perfectly  conformable  to  what 
we  every  day  obferve  in  animals  to  which 
they  are  fo  analogous.  Numberlefs  animals 
are  incapable  of  multiplying,  without  the 
concurrence  of  both  fexes,  or,  at  leaft,  with- 
out the  intervention  of  that  liquor,  upon 
which  depends  the  immortality  of  the  fpe- 
cies;  as  is  evident  in  man,  quadrupeds,  birds, 
fifties,  reptiles,  and  infedts.  But  a vaft  num- 

Vol.  II.  Z ber. 
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ber,  on  the  contrary,  propagate  without  fuch 
means  j as  for  inftance,  the  polypes  ; under 
which  denomination  is  included  an  immenfe 
variety  of  /mall  animals,  inhabiting  the  bot- 
tom both  of  the  freih  water,  of  ditches, 
ponds,  puddles,  and  of  the  fait  water  of  the 
lea.  To  thefe  may  be  added;  the  lice  of 
plants,  a molt  comprehenfive  clafs  ; whole 
armies  dwelling  on  a fingle  individual.  The 
animalcules  of  infufions;  moreover,  agree 
with  the  lice  of  plants  and  polypes,  in  thè 
mode  of  propagating  the  fpecies.-  I have 
fhewn,  in  my  jirft  efjay,  relative  to  the  na- 
tural hiftory  of  vegetables  and  animals , that 
many  fpecies  are  multiplied  by  a natural  di- 
vifìòn  of  the  body,  fome  fplitting  into  two 
portions,  fome  into  four,  feme  into  fix,  and 
others  into  eight,  &c. — that  fome  $re  ovi- 
parous, others  viviparous,  and  that  all  are 
lfriftly  hermaphrodites,  each  individual  pro- 
pagating its  kind,  without  needing  the  con- 
currence of  another.  Thus  it  may,  and  really 
doe-s  -come  topafs  in  fome  plants,  which  mul- 
tiply without  the  influence  of  the  fecundating 

dùfh 

•'•LVI.  One  obje&ion,  howeyer,  may  be 
fmrtèd,  and  it  would  be  inconliflent  with  my 
' impartiality  to  fttpprefs  it.  It  may  be  urged, 
by  the  advocates  of  the  fexual  fyftem,  that 
although -at  the  time  I was  making  my  expe- 
riments upon  the  pump  ion  with  fhield-form 
fi‘Uit,  the  citron  pumpion,  fpinach,  and  hemp, 
I was  perfectly  certain  that  the  pollen  had 
noaceefs,  yet  it  might  previou fly  have  im- 
pregnated the  feeds.  It  may  be  faid,  that  the 
female  individuals  might  have  been  fecun- 
dated leverai  years  beforehand  that  by  this 

Vi3v  -fingle 
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fmgle  adt,  not  only  the  feeds  of  the  current 
year,  but  thofe  of  feveral  fucceffive  genera-^ 
tions,  might  have  been  fecundated. 

This  objection  is  only  a repetition  of  what 
was  modeftly  fuggefked  by  the  illuftrious 
Trembley,  to  Mr.  Bonnet,  when  he  made  his 
celebrated  difcovery  of  the  hermaphroditifm 
of  the  lice  of  plants.  Who  knows , laid  that 
naturalift,  fo  cautious  and  deliberate  in  bis 
decifions,  but  that  one  copulation  may  ferve  for 
?nany  generations  {a)t  Although  my  excel- 
lent colleague  acknowledges  the  quefcion  to 
be  altogether  gratuitous,  yet,  as  it  was  put 
by  a Trembley,  he  was  anxious  to  repeat  his 
obfervations;  and  hejiuTly  concludes,  that  the 
fufpicion  is  Entirely  removed  by  the  pro- 
duction of  ten  fucceffive  generations  without 
copulation  (b).  With  refpedt  to  my  plants, 
I mu  ft  frankly  acknowledge*  that  I did  not 
obtain  from  any  of  them  more  than  three 
generations  without  the  intervention  of  pol- 
len. Nor  did  the  nature  of  the  thing  allow 
me  to  fatisfy  my  curiofity  fo  foon  as  Mr. 
Bonnet,  for  he,  in  the  fhort  fpace  of  three 
months,  obferved  ten  fucceffive  generations; 
whereas  not  lefs  than  ten  years  mull;  have 
paffed,  before  I could  have  obtained  an  equal 
number  in  the  lubjeòts  of  my  experiments, 
I have  not,  therefore,  been  able  to  derive  fuf- 


( a j Bonnet  Corps  Organ,  p.  311.  Ed.  in  ^.to, 

{b)  Notwithstanding  Mr.  Bonnet  has  difcovered  and 
publilhed  this  fact  fo  many  years  ago,  and  notwithstanding 
jt  has  met  with  no  oppofition  from  any  obferver,  Linnaeus 
advances,  in  his  Syjìctna  Natura: , and  in  the  laft  edition 
of  1767  repeats,  this  fcandalous  propofition.  “ A copula 
parentum  fcecundas  nafci  tilias,  neptcs,  proneptes,  ab- 
neptes  aflèverant  entomologi.” 

Z 2 ficient 
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ficient  information  from  this  fource  ; yet  f 
can  adduce  confiderations  weighty  enough  to 
overturn  the  objedtion.  In  the  firft  place, 
all  Nature  does  not  afford  a fingle  inftance, 
wherein  one  adt  of  fecundation  ferves  for 
feveral  generations.  The  only  cafe,  concern- 
ing which  any  fuch  fufpicion  has  arifen,  has 
been  abundantly  cleared  from  it.  Secondly, 
we  have  inftances  of  many  fucceffive  gene- 
rations, without  copulation  or  fecundation, 
as  in  the  polype  with  arms.  From  the  body 
of  this  fpecies  fprout  fmall  polypes,  which, 
during  their  evolution,  produce  other  fmaller 
polypes,  and  thefe  again  others  ftill  fmaller, 
and  fo  on  : hence  we  have  at  laft  a feries  of 
generations,  growing  one  out  of  another,  and 
all  fupported  by  the  mother  polype,  of  which 
we  are  certain,  that  ffie  has  never  had  any 
fort  of  commerce  with  her  fellows  -,  becaufé 
fhe  was  torn,  while  yet  very  fmall,  from  the 
body  of  another,  and  ever  afterwards  kept  in 
the  mod:  perfedt  folitude(^).  Since,  there- 
fore, we  obferve  fo  many  fucceffions  in  ani- 
mals, independently  of  the  adtion  of  any  femi- 
nal  principle,  why  may  not,  or  rather  why 
mud  not,  the  fame  thing  take  place  in  fome 
kinds  of  plants?  We  have  no  fadt  which 
proves  a number  of  fucceffive  generations 
in  any  organized  body,  to  be  the  effedt  or 
the  refult  of  an  antecedent  adt  of  fecun- 
dation. 

LVII.  Although  the  many  fadts  which  I 
have  related,  compel  me  to  rejedt  the  adtion 
of  the  powder  of  the  males  in  feveral  plants, 
yet  I dare  not  altogether  deny  the  poiiibility 

(?)  Trembley,  Polypes  d’eau  douce. 
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of  fecundation.  What  I mean  to  infuniate 
is,  that  in  the  courfe  of  my  frequent  medi- 
tations upon  this  important  fubjedt,  a doubt 
has  arifen  in  my  mind,  whether  the  feeds  in 
the  ovarium  may  not  be  fecundated  by  fome 
feminal  principle  reliding"  in  the  piflil.  I 
have  frequently  feen  upon  the  fljgma  of  cer- 
tain plants,  a kind  of  powder  exceedingly 
like  that  of  the  flamina,  though  I had  at 
the  fame  time  clear  proofs,  that  the  latter 
had  not  yet  burli  from  the  anther®.  But  I 
did  not,  I mu  ft  own,  make  any  careful  ob- 
fervations  on  this  fubjedt.  My  furmife  was 
however  {Lengthened  by  reading  in  Kòl- 
reuter,  not  without  furprize,  that  the  pro- 
perties of  the  feminal  powder  belonging  to 
the  flam  ina,  àre  exadtly  the  fame  as  thofe  of 
the  matter  furniflied  by  the  piflih  Novy  j 
have  fome  times  doubted,  whether  the  dull 
of  the  fligma  may  not  produce  the  fame  ef- 
fects on  fome  plants,  as  that  of  the  flam  ina 
on  others.  But  this  is  a mere  fufpicion, 
which  it  would  give  me  great  pleafure  to  fee 
confirmed  or  deftroyed  by  fome  able  obferver. 
And  as  I am  fpeaking  of  the  lligma,  let  me 
add,  that  I wifh  this  organ  were  more  care- 
fully examined,  than  it  has  ever  yet  been; 
great  attention  fhould  be  paid,  in  order  to 
determine  whether  it  is  imperforated  or  not 
in  fome  plants  (XL VI,  XLV1I).  Such  re- 
learches,  united  with  others  relative  to  the 
flamina,  would  contribute  to  difhpate  the 
milt  which  covers  the  fecundation  of  plants. 
As  I have  derived  great  advantage  in  my  at- 
tempts to  ill  ufirate  this  function  in  animals,., 
from  artificial  fecundation,  I cannot  but 
again  recommend  the  fame  means;  nor  do  I 

Z 3 doubt. 
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doubt,  but  that  they  will  throw  as  much 
light  upon  plants  as  upon  animals. 

LVin.  By  thefe  exhortations,  fuggefted 
by  an  unfeigned  de  fire  of  attaining  truth, 
and  extending  the  limits  of  botannical  know- 
ledge, 1 wifh  to  induce  naturalifcs  to  frudy 
in  a more  philosophical  manner  the  natural 
hiftory  of  plants.  The  ligneous  fpecies  have, 
it  is  true,  been  much  illustrated  by  the  pro- 
found enquiries  of  Grew,  Malpighi,  Hales, 
Duhamel,  and  Bonnet  j but  the  herbaceous 
kinds  fo  much  exceeding  the  others  in  num- 
ber, and  fo  deeply  interefling  to  mankind, 
on  account  of  the  fufteriance  they  afford, 
have  been  hitherto  almoft  totally  negledted. 
We  have  at  moil  a bare  nomenclature,  in 
which  their  different  parts, are  defcribed  ac- 
cording to  the  fyftem  adopted  by  the  author. 
I do  not  on  this  account  condemn  nomencla- 
tures ; the  neceffity  of  them  is  evident,  lince 
-it  is  impofible  to  enter  upon  a rational  invef- 
tigation  of  plants  before  we  are  acquainted 
with  them  ; and  we  cannot  be  acquainted 
with  them  without  the  fcience  of  names  (a). 
I obferve  only,  that  nomenclature  gliding 

(a)  Befides  being  obliged  to  learn  the  nomenclature, 
(whence  it  may  be  called  the  grammar  of  natural  hiftory, 
and  thofe  who  teach  it  the  grammarians),  we  are  under 
the  necefiity  of  ufing  it  when  we  write,  if  w'e  with  to  be 
generally  underftood.  Thus,  in  treating  of  plants  and 
animals,  unlefe  they  happen  to  be  the  molt  common  of  all, 
it  would  appear,  that  at  prefent  we  cannot  do  without  Lin- 
naeus. If,  at  lcaft,  we  make  ufe  of  the  names  in  his  Syf- 
tema  Natura , whatever  glaring  defeats  that  work  may 
contain,  we  arc  furc  of  being  underltood  by  all  Europe. 
I faid  plants  and  animals  ; for  fojjils  we  ufe  Ct  onhedt  and' 
Wallcrius,  as  the  clafiical  authors. 
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along  the  furface  of  things,  is  incapable  of 
furnifhing  Such  information,  as  will  Satisfy 
the  curiofity  of  the  profound  enquirer,  and 
advance  our  knowledge  of  the  vegetable  king- 
dom. The  bodies  of  Nature  are  not  Simple, 
but  exceedingly  complex  ; Mufchenbrock 
juftly  compares  them  to  a clock,  conhfting 
of  many  wheels,  and  enclofed  in  a cafe,  which 
prevents  us  from  obtaining  a view  of  the  fize 
and  mutual  dependency  of  the  wheels,  and 
the  various  actions  of  the  Springs.  To  fee, 
therefore,  the  internal  parts,  and  eftimate 
them  properly,  it  becomes  neceffary  to  open 
the  cafe  : we  mult  do  the  fame  with  refpeCt 
to  natural  bodies,  and  not  be  contented  with 
barely  infpeCting  the  outfide,  but  endeavour 
to  penetrate  further,  and  investigate  the  won- 
ders lying  within.  When  the  firft  minera- 
logists charadterifed  the  productions  of  the 
foiììl  kingdom,  by  difference  in  colour,  in 
tranfparency,  opacity,  by  roughnefs  or 
fmoothnefs,  by  their  granulated  or  fibrous 
Structure,  &c.  they  held  out  only  Superficial, 
vague,  and,  for  the  moft  part,  fallacious  no- 
tions. Before  they  could  be  properly  ymdeT- 
ftood,  it  was  neceflary  that  chemiftry  Should 
.Search  thefe  productions  by  its  analyfis. 
What  this  Science  has  done  for  foflils,  ana- 
tomy has  performed  for  animals.  We  cannot 
but  acknowledge  the  greateft  obligations  to 
Swammerdam,  Redi,  Vallifneri,  Reaumur, 
•Lyonet,  Daubenton,  and,  above  all,  in  the 
clafs  of  infeCts,  to  the  immortal  Malpighi, 
whofe  differtation  on  the  filk-worm  is  a tiSTue 
of  difcoveries,  and  may  be  juftly  canfidered 
as  alone  Superior  to  all-  the  nomenclatures  of 
infeCts  hitherto  published.  I could  wiSh  that 
t i.  Z 4 the 


344  DISSERTATION  III. 

the  fame  attention,  which  fo  many  able  natu- 
ralifls  have  beftowed  upon  refearches  con- 
cerning foffils  and  animals,  was  paid  to  her- 
baceous plants.  Their  ceconomy,  the  prin- 
cipal objedt  of  natural  hiftory,  ought,  above 
all,  to  be  the  aim  of  our  enquiries.  But  it 
will  be  impoffible  to  fulfil  fuch  an  intention, 
till  a careful  examination  has  been  made, 
both  of  their  internal  and  external  firuc- 
ture  (a).  I am  aware,  that  refearches  of  this 
nature  require  quicknefs  of  apprehenfion, 
pertinacity  of  attention,  fertility  of  refources, 
exadtnefs  of  judgment,  the  utmoft  vigilance 
in  noticing  the  phamorftena,  and  no  lefs  faga- 
city  in  diftinguifhing  them  ; thefe  requifites 
do  not  feem  indifpenfably  necelfary  in  the 
learned  nomenclator,  who  is  generally  confpi- 
cuous  chiefly  for  memory  ; and  this  is  the  true 
reafon  why,  at  a time  when  we  are  rich  in 
nomenclators,  we  are  poor,  nay  beggars,  in 
obfervers.  But  it  is  only  by  fuch  laudable 
exertions,  and  fuch  valuable  accomplifh- 

(<7)  Thofe  who,  from  a defire  to  ferve  the  public,  and 
to  contribute  to  the  progrefs  of  human  knowledge,  (hall 
apply  to  the  ftudy  of  plants,  and  indeed  of  minerals  and 
animals  alfo,  would  do  well,  in  my  opinion,  to  follow  the 
example  of  Erxleben,  a late  celebrated  academician  of 
Gottingen.  Mr.  Kceftner,  Prefident  of  that  refpeCtable 
academy,  draws,  in  his  elogy,  the  following  exemplary 
character  of  him,  and  fubjoins  a very  juft  reflection. 
u Hiftoriam  Naturalem,  quam  vocant,  judicabat  (Erxle- 
ben) animalium,  plantarum,  follili  uni,  non  catalogum  efle, 
fed  phyficam.  Itaque  horum  corporum  ftrucfturam,  ana- 
lyiim,  proprietates,  ufus  docuit,  non  negleCtis  tamen  notis 
quarum  ope  velut  in  indices  portent  referri.  Quos  indices 
folos  qui  memoriae  mandant  aut  ad  evolvendos  illos  manus 
habent  exercitatas,  fruftra  fibi  perfuadent,  librum  ipfum 
Natura:  fe  tenere.” 
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ments,  that  we  can  hope  to  advance  any  far- 
ther in  this  noble  fcience,  and  to  increal'e  the 
dores  of  ufeful  knowledge.  I cannot,  there- 
fore, but  fet  an  higher  value  upon  the  genius 
of  thofe  naturalids,  who  confine  their  atten- 
tion to  fome  part  of  natural  hidory  not  yet 
fufficiently  elucidated,  than  upon  the  art  of 
thofe,  who  only  employ  themfelves  about 
nomenclatures j and  I have  the  pleafure  of 
agreeing  in  opinion  with  thofe  great  men, 
whofe  mod  earned:  wifh  is  for  the  greated  pof- 
iible  improvement  of  fcience,  and  who,  while 
they  recommend  it,  with  patriotic  zeal,  to  o- 
thers,  advance  it  themfelves  in  their  immortal 
productions.  Not  that  thefe  illudrious 
writers  delpife  nomenclature,  which  is  fo  ne- 
ceffary,  that  it  may  be  called  the  key  of  the 
three  kingdoms  ; but  they  confider  the  pur- 
fuits  of  nomenclators  as  not  of  the  mod  ufe- 
ful tendency,  becaufe  the  defire  of  compre- 
hending, in  voluminous  nomenclatures,  like 
fo  many  Briareufes,  the  whole  of  Nature,  as 
more  than  one  have  attempted,  feems  to  them 
equally  prelumptuous  and  puerile.  If  Men 
would  go  about  to  difcover  things,  and  not 
words  ; if  they  would  invedigate  Nature,  and 
bring  to  light  fome  part  of  her  inexhaudible 
dores,  they  would  render  far  greater  fervice  to 
the  fcience  which  they  cultivate,  and  deferve 
better  of  the  republic  of  letters.  Led  this  re- 
prefentation  fhould  appear  exaggerated,  I will 
adduce,  from  among  many  refpedtable  autho- 
rities which  are  at  hand  to  confirm  it,  thofe  of 
the  incomparable  d'Alembert,  and  of  the  fub- 
lime  contemplator  of  Nature.  “ We  by  no 
means  willi  to  refemble  that  tribe  of  natu- 
ralids,  who  have  been  fo  judly  cenfured  by 

a mo- 
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a modern  phijofopher  ; inceffantly  employed 
in  dividing  the  productions  of  Nature  into 
genera  and  fpecies,  they  fpend  in  fuch  la- 
bours the  time  which  would  much  better  be 
dedicated  to  the  ftudy  of  their  properties.” 
Such  are  the  expreffions  of  the  former  in  that 
moft  mafterly  production,  the  Preliminary 
Differ  tat  ion  to  the  E?icyclopcedia.  I fhall  con- 
clude with  the  words  of  the  latter.  “ What 
ought  we  to  think  of  thofe  pompous  nomen- 
clatures, which  are  arrogantly  offered  to  us  as 
the  Syflem.  of  Nature  Ì The  idea  of  a fcholar, 
who  attempts  to  form  the  index  of  a large 
folio,  of  which  he  has  read  only  the  title  and 
the  firft  pages,  immediately  arifes  in  my 
mind.  . And  are  we  in  poffeffion  of  even  the 
firft  pages  of  the  book  of  Nature?  How 
many  paflages  do  they  contain  which  we  do 
not  underftand,  and  of  which  the  hidden 
meaning  probably  contains  interefling  truths  ? 
I wifh  not  to  extirpate  nomenclators  ; they 
ftrive  to  give  our  knowledge  fome  arrange- 
ment j but  I will  venture  to  fay,  that  a mere 
nomenclator  will  never  make  any  great  diico- 
very.  I will  add,  that  I fet  an  higher  value 
upon  a good  treatife  concerning  a fingle  in- 
feCt,  than  upon  a whole  entomological  no- 
menclature.  Meditate  the  admirable  hif- 

tory  of  the  polype,  perufe  the  fine  memoirs 
on  infeCts,  and  then  compare  the  ufefulnels 
of  thefe  productions  with  that  of  the  moft: 
boafled  nomenclatures.  Of  which  would 
you  fooner  chufe  to  be  the  author?  Which, 
think  you,  imply  moft  fagacity,  genius,  and 
invention,  and  have  the  greateft  tendency  to 
improve  anatomy  and  natural  hiftory  ? We 
ought,  in  my  opinion,  not  to  be  fo  anxious  to 
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make  the  catalogue  of  human  knowledge,  as 
to  increafe  it.  Let  us  collect  more  materials 
before  we  think  of  erecting  a temple  to  Na- 
ture. She  will  elfe  refufe  to  dwTell  in  it.  In^ 
Head  of  correfponding  to  her  majefty,  it  will 
only  be  proportional  to  the  meannefs  of  the 
architect  (a):* 

{a)  Contemplation  de  la  NatuYe. 
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AN  ABRIDGEMENT  OF  MR.  DEMOUR’s 
OBSERVATION  IS  TO  BE  FOUND  IN  THE 
FRENCH  MEMOIRS  FOR  I74I,  p.  28.  IN 
THE  MEM.  FOR  1778,  PRINTED  IN  1781, 
p.  13,  WE  FIND  THE  ACCOUNT  IN  HIS 
OWN  WORDS.  THE  TITLE  IS,  “ OB- 
SERVATION DE  DEUX  ANIMAUX,  DONT 
LE  MALE  ACCOUCHE  LA  FEMELLE. 

THE  eulogies  of  Naturalifts  upon  the 
induftry  of  animals  are  boundlefs.  It 
has  been  pretended,  that  man  is  indebted  to 
them  for  the  ufeful  arts  ; and  fome  are  ex- 
travagant enough  to  affirm,  that  even  the 
moft  abftradted  lciences  have  been  borrowed 
from  brutes  (a).  According  to  Pliny  and 
leverai  other  naturalifts,  the  idea  of  bleeding 
was  fuggefted  to  phyficians  by  the  hippopo- 
tamus; and  that  of  injection  by  the  ftork, 
which,  on  account  of  the  great  fervices  it 
rendered  them,  was  formerly  worshipped  by 
the  Egyptians.  The  bear  and  the  dog 
pointed  out  the  advantage  of  emetics;  the 
former  by  fwallowing  ants,  the  latter  by  eat- 
ing the  leaves  of  dog’s  grafs.  Happily  for 

( a ) Giovanni  Bonnifacio , Parti  liberali  e medianiche, 
come  fiano  {late  dagli  animali  irrationali,  agli  Huomini 
dimoftrate. 

medicine. 
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medicine,  the  fad:  recorded  in  this  Memoir* 
was  unknown  to  thefe  naturalifts,  otherwise 
they  would  not  have  failed  to  aferibe  the 
origin  of  the  aft  of  midwifery  to  the  animal 
in  queftion. 

One  evening  during  the  dog-days,  I ob- 
ferved  near  fome  ffeps  by  the  great  bafon  in 
the  king's  garden,  in  which  1 at  that  time 
occupied  the  office  of  demoffrator,  and  keeper 
of  the  cabinet  of  Natural  Hiftory,  two  land 
toads  of  the  fmaller  fpecies  {a)  in  the  ad  of 
Copulation.  I faw  that  the  male  frequently 
moved  his  hind  legs  * a defire  to  difeover  the 
Caiife  of  thefe  movements  led  me  towards 
the  place,  where  I was  furprized  by  two 
phenomena,  which  I believe  have  not  been 
hitherto  noticed.  The  firft  was  the  diffi-* 
culty  with  which  the  female  brought  forth 
her  eggs,  which  was  fuch  that  fhe  abfolutely 
required  foreign  aid,  what  no  other  animal 
with  which  we  are  acquainted  does.  The 
fecond  phenomenon  was  the  efforts  made  by 
the  male  to  extrad  the  eggs  with  his  hind 
feet,  and  his  thus  performing  the  office  of  an  1 
accoucheur. 

I could  not  conceal  my  fatisfadion  at  à f 
fpedacle  fo  uncommon.  My  attention  re* 
doubled,  and  I feated  myfelf  quietly  on  the 
ground,  in  order  to  obferve  more  accurately  * ' 

and  efpecially  to  watch  whether  the  male 
impregnated  the  eggs  as  he  extraded  them. 

To  underhand  the  operation  completely, 
it  muff  be  remarked,  ffrff,  that  the  fore  as 
Well  as  hind  feet  of  thefe  animals  are  di-  l* 
vided  intofeveral  toes,  by  the  help  of  which 

111 

(a)  Rubeta  minor.  Gefneri. 
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the  male  draws  the  eggs  out  of  the  vent  of 
the  female. 

Secondly,  that  thefe  animals  copulate  like 
frogs,  i.  e.  the  male  gets  upon  the  female’s 
back,  and  embraces  her  with  his  fore  feet. 
In  the  frog  the  feet  are  long  enough  to  clafp 
the  female  completely,  whereas  in  the  toad 
they  reach  only  to  the  fide  of  the  bread, 
again  ft  which  the  animal  prefies  with  fuch 
force,  that  an  ecchvmofts  often  takes  place 
before  he  quits  his  fituation. 

I mu  ft  obferve  in  the  third  place,  that  the 
eggs  of  this  fpecies  of  toad  confift  of  a ftrong 
membranous  cover,  within  which  the  em- 
bryo is  contained.  The  eggs  are  about  two 
lines  long,  and  of  an  oblong  fhape;  they  are 
| connected  by  a ftiort  and  ftrong  cord.  A 

I pretty  juft  idea  of  thefe  eggs  may  be  con- 
veyed, by  comparing  them  to  a necklace,  of 
which  the  beads  lie  at  about  half  their  own 
I length  from  each  other.  They  are  dif- 
charged  at  the  vent,  becaufe  the  receptacle 
in  which  they  were  contained,  opens  into 
the  lower  part  of  the  redtum. 

There  is  reafon  to  fuppofe,  that  the  firft 
egg  is  expelled  by  the  exertions  of  the  fe- 
male, and  that  the  male  extracts  the  reft.  He 
performs  his  office  with  an  addrefs  that  one 
would  not  expedt  in  an  animal  naturally  fo 
aukward.  When  his  motions  drew  my  at- 
tention, he  had  ext  rafted  the  fecond,  and 
was  endeavouring  to  extradt  the  fucceeding 
egg.  The  firft  was  fixed  between  the  toes 
of  the  right  foct,  by  the  filament  which 
J connedts  it  with  the  lècond,  and  it  was  by 
1 ftretching  out  the  foot,  that  he  drew  them 
from  the  anus  of  the  female,  which  con* 
» " tinned 
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tinued  motionlefs  during  the  whole  time. 
He  tried  to  lay  hold  of  the  cord  with  his 
left  foot,  and  made  feveral  attempts  before 
he  fucceeded.  My  prefence  undoubtedly 
fometimes  dfew  off  his  attention  : for 

he  would  now  and  then  ftop  fuddenly,  and 
look  at  me  with  an  air  expreffive  either  of 
inquietude  or  fear  : then  he  would  refume 
his  employment  with  freih  alacrity,  and  foon 
relax  again  fo  much  in  his  ardour,  as  to  feem 
irrefolute  whether  he  fhould  proceed  or  not. 
The  female  alio  teftified  her  difquiet  by 
movements  that  difturbed  the  operations  of 
the  male,  but  fbe  never  feemed  defirous  of 
returning  to  the  ffation  under  the  ffone 
which  fhe  had  quitted. 

At  laft,  whether  from  my  filence  and  im- 
mobility, or  from  the  urgency  of  the  cafe, 
the  female  became  dill,  and  the  male  re- 
fumed his  employment  : he  foon  laid  hold  of 
the  cord  with  his  left  toes,  and  now  drew  it 
out  with  both  feet,  by  extending  them  gently. 
When  he  had  ffretched  them  out  as  far  as  he 
could,  he  withdrew  the  left  foot,  without 
quitting  the  eggs  that  adhered  to  it,  and  con- 
tinued to  extract  with  the  right  alone.  But 
here  his  difficulties  recurred  a fecond  time. 
The  portion  of  cord  that  lay  between  the 
middle  fingers  of  the  right  foot,  often  pre- 
vented him  fronl  getting  hold  of  a new  part 
of  the  cord  with  that  foot.  He  made  leveral 
efforts  without  fuccefs,  and  flopped  of  a hid- 
den oftener  than  once.  I was  afraid,  that  the 
movements  of  my  head  were  the  caufeof  thefc 
interruptions,  and  I then  fat  motionlefs,  and 
held  in  my  breath.  Sometimes  I was  in- 
clined to  attribute  them  to  the  difficulty  of 
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the  operation  itfelf  ; . this  tempted  me  to  affi  ft 
the  animal,,  but  I forbore,  for  fear  of  break- 
ing off  the  proeefs.  My  attention  had  hither- 
to been  divided  between  two  objects  > while, 
on  the  one  hand,  I admired  the  dexterity  of 
the  male,  I watched  on  the  other,  whether 
he  bedewed  the  eggs  with  femen  as  he  ex- 
tracted them,  but  as  yet  I could  not  fee 
any  appearance  like  this,  though  ft  feeme'd 
absolutely  neceffary  to  the  fecundation  of  the 
eggs,  and  was,  at  the  fame  time,  the  chief 
objedt  of  mycuriofity:  I thought  the  want 
óf  light  might  prevent  me  from  feeing ‘‘it, 
and  therefore,  at  all  hazards,  fet  them  on  my 
hand,  that  I might  infpeCt  tnem  ‘ more 
clolely; 

This  change  of  fituation  put  a flop  to  the 
procedure  of  the  male  for  a few  moments  ; 
but  the  urgent  neceffity  for  delivering  the 
female,  doubtlefs  made  him  colieCt  courage 
to  relume  his  employment.  I now  tried  only 
to  obferve,  whether  the  male  impregnated 
the  eggs  as  he  drew  them  out  ,;  but  notwith- 
ftanding  all  my  folicitude  to  fee  a pheno- 
menon, of  which  the  water-newt  had  before 
furniffied  me  with  an  example  (a),  I could 
not  perceive  any  thing  like  what  I expeCted, 
The  evening  now  clofed  in,  and  after  obferv- 
ing  them  for  about  half  an  hour,  I was  forced 
to  fet  them  down  in  the  place  from  which  I 
had  taken  them. 

i 

. (a)  The  female  newt  is  impregnated  without  coition. 
The  male  keeps  at  about  the  diftance  of  an  inch  above 
the  female,  and  throws  out  the  feminai  liquor  upon  her 
fides,  which  renders  the  water  a little  turbid'.  This  ob- 
fervation  is  to  be  found  at  the  end  of  the  iirft  volume  of 
my  tranflation  of  the  Edinburgh  E flays, 
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My  meeting  with  thefe  animals  was  one  of 
thofe  fortunate  occurrences,  of  which  a natu- 
ralift  alone  can  eftimate  the  value.  It  afforded 
me  the  view  of  a fad:,  fin  gufar  and  hitherto 
I believe  unnoticed.  The  abidance  yielded 
by  the  male  I faw  didindly  -,  but  it  was  quite 
otherwife  with  refped  to  the  other  part  of 
the  obfervation.  I could  not,  with  all  my 
attention,  perceive  any  thing  like  what  Swam- 
merdam faw  in  frogs,  viz.  that  after  forty 
days  of  coition  the  male  impregnates  the  eggs 
as  the  female  difcharges  them,  by  bedewing 
them  with  femenv 

Though  I could  not  perceive  this  irrora- 
tion,  yet  there  is  reafon  to  fuppofe,  not  only 
that  it  is  neceffary  for  the  fecundation  of 
this  fpecies  of  fry,  but  alfo  that  it  takes 
place  in  the  fame  manner  as  in  the  frog.  The 
exad  conformity  between  the  ft  radure  of  the 
internal  parts  of  thefe  animals,  between  their 
mode  of  coition  and  their  embryos,  which 
in  each  kind  pals  through  the  date  of  tadpole 
before  they  attain  the  form  of  frog  or  toad, 
drongly  confirms  this  conjedure.  I fhould 
therefore  fuppofe,,  that  the  male  performs  this 
fundion  at  iome  other  time.  He  probably, 
as  well  as  the  frog  (a),  bedews  all  the  eggs  at 
once,  which  he  can  not  accomplifh  when  he 
has  them  entangled  about  his  feet.  In  truth, 
the  wade  would  be  too  great  if  he  impregnated 
them  fucceflively,  and  in  this  cafe  a great 
quantity  of  femen  would  fall  on  the  ground, 
and  my  hand,  upon  which  the  male  operated- 

(a)  How  far  this  fuppofition  is  to  be  admitted,  the 
reader  may  learn  from  the  firft  of  the  preceding  difTerta- 
tions,  T . 

for 
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for  about  a quarter  of  an  hour,  mud  have  re- 
ceived fome. 

This  obfervation  apprized  me  of  a miftake 
I had  formerly  committed.  During  the  two 
lad  years  of  M.  Duverney’s  life,  I afnded  him 
in  his  anatomical  labours  ; and  I had  once 
occafion  to  feek  by  candle-light  for  newts, 
which  the  heat  and  drought  of  the  feafon 
confined  in  their  places  of  retreat  in  the  day- 
time. Near  a refervoir,  confiding  of  a barrel 
that  projected  eight  or  ten  inches  above  the 
lurface  of  the  ground,  I perceived  a toad  of 
the  fpecies  above-mentioned,  with  a bundle 
of  eggs  on  his  back.  The  animal  traverfed 
round  the  barrel  to  no  purpofe  ; the  edge  was 
too  high  for  him  to  difcharge  his  burden  into 
the  water.  I took  it  up  with  an  intention  to 
relieve  its  didrefs,  by  throwing  it  into  the 
w'ater  ; in  an  i'ndant  I felt  fomething  move 
in  my  hand,  and  upon  bringing  the  light 
near  I perceived  feveral  little  tadpoles  juft 
come  out  of  their  envelope  ; they  were  very 
lively,  and  as  full  formed  as  tadpoles  of  frogs 
that  have  lofi;  their  tail,  and  which  confe- 
quently  have  quitted  their  cover  fifteen  days. 
The  cord  of  eggs  was  fo  entangled  in  the 
hind  feet,  that  the  animal  could  ma,ke  but 
very  fhort  fteps.  At  that  time  I fuppofed 
it  to  be  the  female,  but  the  obfervation  which 
I have  now  related  proves,  that  it  muft  have 
been  the  male  which  is  charged  with  the 
cares  that  attend  incubation.  Nature,  in 
the  prefent  indance,  has  divided  the  toil 
that  relates  to  the  progeny  equally  between 
the  two  fexes.  The  female  has  the  burthen 
of  the  eggs  before  delivery,  and  likewife 
fupports  the  male  upon  her  back,  probably 
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for  forty  days,  as  in  the  frog  and  water  toad. 
The  male,  in  his  turn,  delivers  the  female, 
and  carries  the  eggs  on  his  back  till  the  time 
of  the  exclufion  of  the  tadpoles,  which  hap- 
pens fooner  or  later,  according  to  the  feafon, 
and  he  then  depofits  them  in  a proper  place  : 
He  throws  himfelf  into  the  firft  water  he 
meets,  and  is  frequently  the  vidtim  of  pater- 
nal attention..  If  he  gets  into  a place  whence 
he  cannot  eafily  find  his  way  out,,  he  perifhes 
in  a few  days,  as  I have  feen  in  many  inftances. 
This  fpecies,  which  Ol.  Jacobasus  conliders 
as  the  Rana  phrynoidcs  of  Gefner,  and  which 
fome  authors  call  Rubeta  minor , in  order  to 
dilli n guidi  it  from  the  common  toad,  which 
they  denominate  Rubeta  major , is  incapable 
of  living  in  wrater  after  he  has  once  quitted 
it.  He  paffes  the  former  part  of  his  life  in 
water,  and  the  latter  upon  dry  land.  This, 
according  to  Gefner,  was  known  to  the  an- 
cient naturalifts,  who  aifert  the  fame  thing  of 
the  common  frog. 

The  fpecies  here  mentioned  quits  his  en- 
velope in  the  form  of  a tadpole  without  a tail 
at  this  time  it  has  gills,  and  lives  in  water 
like  fillies  : there  it  continues  till  the  gills 
begin  to  be  effaced,  which  happens  as  loon  as 
the  fore-feet  burli  through  the  membrane 
which  contained  them  : when  the  animal  can 
walk  or  jump  it  feeks  a different  element, 
and  quits  the  water  before  its  tail  is  entirely 
effaced. 
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Discoveries  on  the  sex  of  bees,  ex- 
plaining THE  MANNER  IN  WHICH 
THEIR  SPECIES  IS  PROPAGATED;  WITH 
AN  ACCOUNT  OF  THE  UTILITY  THAT 
MAY  BE  DERIVED  FROM  THOSE  DIS- 
\ COVERIES  BY  THE  ACTUAL  APPLICA- 
TION OF  THEM  TO  PRACTICE.  By 

Mr.  John  Debraw,  apothecary  to 
Addenbrook’s  hospital  at  Cam- 
bridge, AND  MEMBER  OF  AN  OECO- 
NOMICAL  SOCIETY  IN  THE  PRINCIPA- 
LITY of  Liege,  in  Westphalia. 
Communicated  by  the  Rev.Nevil 
MaSKELYNE,  B.  D.  F.R.S.  AND  ASr 
TRONOMER  royal. 

Read  Nov.  21,  1776. 

THE  republic  of  bees  has  at  all  time§ 
gained  univerfal  effeem  and  admiration  : 
their  culture,  an  objedt  fo  worthy  of  our  at- 
tention, has  attradied  and  Ihill  does  engage 
that  of  many  of  the  learned,  and  has  arrived 
at  a considerable  degree  of  improvement  of 
late  years  ; but  their  mode  of  propagating 
their  fpecies,  feems  to  this  day  to  have  bafHcd 
the  ingenuity  of  ages  in  their  attempts  to 
difcover  it.  The  moft  Skilful  naturaliffs  have 
been  ftrangely  milled  in  their  opinion,  that 
the  bees,  as  well  as  the  other  tribes  of  ani- 
mals, are  perpetuated  by  copulation  ; though 
they  acknowledge  that  they  have  never  been 
able  to  detedt  them  in  the  adt. 

Pliny,  who  was  likewife  of  the  fame  opi- 
nion, that  in  tins  particular  they  do  not  differ 
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from  other  animals,  obferves,  “ Apium 
coitus  vifus  eft  nunquam.”  Swammerdam, 
that  fagacious  observer,  having  never  been 
able  to  difcover  it,  entertained  a notion,  that 
the  female  or  queen  bee  was  fecundated  with- 
out copulation  ; that  it  was  fufficient  for  her 
to  be  near  the  males  ; that  a vivifying  aura , 
exhaling  from  the  body  of  the  males,  and 
abforbed  by  the  female,  might  impregnate 
her  eggs.  At  laft  the  incomparable  R.eaumur 
thought  he  had  in  a great  meafure  removed 
the  veil,  and  brought  their  manner  of  gene- 
rating nearly  to  a proof.  This  part  of  phyfics 
has  been  the  principal  objedt  of  my  refearches 
for  feveral  years  pah,  having  been  infenfibly 
engaged  in  it  by  the  pleafure  I took  in  fo 
curious  an  enquiry  ; and  although  this  pur- 
fuit  has  been  attended  with  more  difficulties 
and  embarraffments  than  can  be  well  ima- 
gined, I have  not  been  difcouraged,  and  have 
carefully  avoided  launching  into  conjectures. 
To  introduced  new  fyftem  in  the  dodtrine  of 
bees,  which  in  a great  meafure  contradicts  all 
former  received  opinions,  requires,  previous  I 
to  its  appearance,  every  function  the  various 
experiments,  fuccefsfully' repeated,  can  poffi- 
bly  give  it.  The  refuffs  of  thofe  experi- 
ments, made  in  all  glafs-hives,  which  carry 
with  them  an  intire  evidence,  afford  fuffi- 
cient reafons  to  affert,  that  bees  belong  to 
that  clafs  of  animals  among  which,  although 
they  have  fexes,  a true  copulation  cannot  be 
proved  ; and  that  their  ova,  like  the  fpaWn  of 
fillies,  m off  probably  owe  their  fecundation 
to  an  impregnation  from  the  males,  as  will 
appear  in  the  fequel  of  this  narrative. 
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I am  not  a little  pleafed  to  find,  that  the 
celebrated  Maraldi  had  fuch  a notion,  and  I 
lament  his  neglecting  to  confirm  it.  He 
fays,  in  his  Observations  upon  Bees , in  the 
Hiftory  of  the  Academy  of  Sciences  for  the 
year  1712,  p.  332:  “ Nous  n’avons  pu  dé- 
couvrir  jufqu’  à prefen t de  quelle  maniere  fe 
faite  cette  fecondation,  fi  c’eft  dans  le  corps 
de  la  femelle,  ou  bien  fi  c’efi:  à la  maniere  des 
poifìbns,  aprés  que  la  femelle,  a pofé  fes 
ceufs:  la  matiere  blanchàtre  dont  1’  ,ceuf  efi 
environné  au  fond  de  l’alvéole  peu  de  temps 
aprés  fa  naiffance,  femble  conforme  à la  der- 
idere opinion,  auffi-bien  que  les  remarques 
faites  plufieurs  fois  d’un  grand  nombre 
d’ceufs  qui  font  reftés  inféconds  au  fond  de 
lalvéole  autour  defquels  nous  n’avons  point 
vu  cette  matiere.” — e£  We  never  yet  were  able 
to  difcover  in  what  manner  this  fecundation 
is  performed  ; whether  it  is  in  the  body  of 
the  female,  or  whether  it  is  after  the  manner 
of  fifhes,  after  the  female  or  queen-bee  has 
depofited  her  eggs  : that  liquid  whitilh  fub- 
fiance,  with  which  each  egg  is  furrounded  at 
the  bottom  of  the  cell,  a little  while  after  its 
being  laid,  feemingly  efiabl idling  this  lafi 
opinion,  as  well  as  the  frequent  remarks 
made  of  a great  number  of  eggs  remaining 
barren  in  the  cell,  round  which  we  could 
not  fee  the  above-mentioned  whitiih  fub- 
fiance.” 

This  ingenious  naturalift,  by  a nice  exa- 
mination of  the  ftrudture  of  the  drones,  had, 
as  well  as  Swammerdam,  difcovered  fonie  re- 
femblances  to  the  male  organs  of  generation  ; 
and  from  thence  conjecfiured,  they  were  the 
males  of  the  bee-infedt  -,  but  he  owns,  with 
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the  reft,  that  he  never  could  difcover  them 
in  the  a<ft of  copulation. 

Having  ftooa  the  trials  of  fo  many  prying 
eyes  in  every  age,  the  bees,  as  has  been  ob- 
ferved  by  an  ingenious  author,  had  gained 
the  character  of  an  inviolable  chaftity,  till 
Reaumur  blafted  their  reputation . He  makes 
the  queen  no  better  than  a Meftalina  ( a ) ; 
though  he  could  lee  no  more  than  what 
would  raiie  a mere  jealculy.  or  generate  fuf- 
picions. 

In  order  to  be  the  better  underftood  in  the 
relation  of  my  own  experiments  on  the  fecun- 
dation of  bees,  I here  premile  the  outlines  of 
the  opinions  adopted  by  the  above-mentioned 
naturalifts  on  that  head.  They  aftert,  that 
the  queen  is  the  only  female  in  the  hive,  and 
the  mother  of  the  next  generation  ; that  the 
drones  are  the  males  by  which  (he  is  fecun- 
dated ; and  that  the  working  bees,  or  bees 
that  collect  wax  on  the  flowers,  that'  knead 
It,  and  form  from  it  the  combs  and  cells 
which  they  afterwards'  fill  with  honey,  are 
of  neither  lex. 

But  of  late  Mr.  Schirach,  a German  natu- 
ralift,  has  given  us  a very  different  view  of 
the  claftes  that  conftitute  the  republic  of  bees, 
in  an  ingenious  publication  in  his  own  lan- 
guage, under  the  title  of  The  Natural  Hiftory 
of  the  Queen  of  the  Bees,  which  has  been  fince 
tran Hated  into  French  ; an  account  of  which 
has  been  given  in  the  Monthly  Review,  front 
which  Ì beg  leave  to  relate  the  author’s  doc- 
trine with  regard  to  the  working-bees  only  ; 
the  quality  and  functions  of  the  drones  being 

t 

(a)  Vi«J.  Juvenal j Sat.  vi.  ver.  128. 
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points  which  do  not  appear  to  be  yet  fettled 
by  Mr.  Schirach  himfelf.  He  affirms,  that 
all  the  common  bees  are  females  in  difguife, 
in  which  the  organs  that  diltinguifh  the  fex, 
and  particularly  the  ovario, , are  obliterated, 
or  at  leaft,  through  their  exceffive  minute - 
nefs,  have  not  yet  been  obferved  : that  every 
one  of  thofe  bees,  in  the  earlier  period  of  its 
exifeence,  is  capable  of  becoming  a queen  - 
bee,  if  the  whole  community  fhould  think 
proper  to  nurfe  it  in  a particular  manner,  and 
raife  it  to  that  rank.  In  fhort,  that  the 
queen-bee  lays  only  two  kinds  of  eggs,  viz. 
thofe  that  are  to  produce  the  drones,  and 
thofe  from  which  the  working-bees  are  to 
proceed. 

The  trials  made  by  Mr.  Schirach  feem  to 
evince  the  truth  of  his  conclulions  in  the 
moil  fatisfa&ory  manner,  lingular  as  they 
appear  to  be  at  iirft  fight  ; and  indeed  in  my 
own  judgment,  from  the  constant  happy  re- 
fult  of  numerous  experiments,  which  I began 
near  two  years  before  Mr.  Schirach’s  publi- 
cation, and  repeated  every  feafon  lince,  I am 
enabled  to  pronounce  on  their  reality. 

Chance,  I own,  betriended  me  in  that  dis- 
cover}', whillt  I was  molt  anxioully  endea,- 
vouring  to  afeertain  the  ufe  of  drones.  It 
was  in  the  fpring  ei  the  year  1770,  that  I, 
for  the  firft,  difeovered  what  Maraldi  had 
only  conjectured,  1 mean  the  impregnation 
of  the  eggs  by  the  males  -y  and  that  I was 
made  acquainted  with  the  difference  of  lize 
in  the  drones  or  males,  obferved  by  Maraldi 
in  his  Objcrvations  upon  Bees,  inferted  in  the 
Hiltory  of  the  Royal  Academy  of  Sciences 
for  the  year  1712,  p.  333,  in  thele  words  : 
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“ Nous  avons  trouvé  depuis  peu  une  grande 
quantità  de  bourdons,  beaucoup  plus  petits 
que  ceux  que  nous  avions  remarqué  aupara- 
vant,  & qui  ne  furpaffent  point  la  grandeur 
des  petites  abeiiles  ; de  forte  qu’il  n’aurpit 
pas  eté  aifé  de  les  difcinguer  dans  cette  ruche 
des  abeiiles  ordinaires,  fans  le  grand  nombre 
que  nous  y en  avons  trouvé.  Il  fe  pourroit 
bien  faire  que  dans  les  ruches  où  fon  n’a  pas 
trouvé  de  gros  bourdons,  il  y en  eut  de  ces 
petits,  & qu’ils  y aient  é té  confondus  avec  le 
refte  des  abeiiles,  lorfque  nous  ne  favions  pas 
encore  qu’il  y en  eut  de  cette  taille.” — t 
“ We  have  of  late  found  a great  quantity  of 
drones,  much  fmaller  than  thofe  we  had 
formerly  obferved,  and  which  do  not  exceed 
in  fize  the  common  beesj  fo  that  it  would 
not  have  been  eafy  to  diftinguilh  them  in  that 
hive  from  the  common  bees,  had  not  the 
quantity  of  them  been  very  confiderable.  It 
might  certainly  have  happened,  that  in  thofe 
hives,  where  we  have  not  been  able  to  difco- 
ver  large  drones,  there  were  a great  number 
of  thofe  little  ones,  which  may  have  been  in- 
termixed among  common  bees,  when  we 
.were  yet  ignorant  that  any  fuch  fmall  drones 
were  exifting.” 

Reaumur  himfelf,  p.  591,  of  his  Natural 
Hiftory  of  Infe&s,  fays,  “ We  have  likewife 
found  drones  that  were  no  bigger  than  the 
common  bees.” 

They  have  notwithftanding  efcaped  the 
obfervation  of  Mr.  Schirach,  and  of  his 
friend  Mr.  Hattorf,  member  of  an  academy 
in  Lufatia,  who,  in  a memoir  he  prefen  ted  in 
the  year  1769,  annihilates  entirely  the  ufe  of 
phones  in  a hive  5 and  advances  this  lingular 
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opinion,  that  the  queen-bee  of  a hive  lay? 
eggs  which  produces  young  ones,  without 
having  any  communication  with  the  drones. 
For  what  purpoie  {hould  wife  Nature  then 
have  furnimed  the  drones  with  that  large 
quantity  of  feminal  liquor  ? To  what  ufe  fo 
large  an  apparatus  of  fecundating  organs,  fo 
well  defcribec  by  Reaumur  and  Maraldi? 

But  I beg  leave  to  remark,  that  thofe  gen- 
tlemen  feem  to  have  drawn  too  haiiy  con- 
clufions  from  their  experiments,  in  rejecting 
the  drones  as  bearing  no  filare  in  the  propa- 
gation of  thole  infects.  Their  observations, 
that  hives  are  peopled  at  a time  of  the  year 
when  there  are  no  drones  in  being,  is  no  ways 
conclufive  ; as  it  is  evident,  that  they  had 
feen  none  but  drones  of  a large  fize,  their 
filence  on  ihe  difference  in  the  fize  of  them 
j unifying  my  remark.  But  to  refume  the 
narrative  cr  my  experiments  : I had  watched 
mv  .gl ifs'-hives  (a)  with  indefatigable  atten- 
tion froiii  the  moment  the  bees,  among 
which  I h a taken  care  to  leave  a large  num- 
ber oi  drones,  were  put  into  them,  to  the 
time  ot  *the  queen  laying  her  eggs,  which 
generali)  ha[  pens  the  fourth  or  fifth  day.  I 
obier.ved  the  fiiir  or  fecond  day  (always  before 
the  third)  from  the  time  the  eggs  are  placed 
in  the  cells,  that  a great  number  of  bees, 
fastening  then  thrives  to  one  another,  hung 
down  in  the  form  of  a curtain,  from  the  top 
to  the  bottom  of  the  hive,  in  a fimilar  man- 
ner they  had  done  before  at  the  time  the 
queen  depofited  her  eggs  ; an  operation  which 

(a)  Glafs-hives  were  ufed  in  preference  to  boxes,  for  a 
purpofe  too  obvious  to  need  explaining. 
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(if  we  may  conjecture  at  the  inftinCts  of  in- 
feCts)  feems  contrived  to  hide  what  is  trans- 
acting : be  that  as  it  will,  it  anfwered  the 
purpoie  of  informing  me  that  fomething  was 
going  forward.  In  faót,  I prefently  after  per- 
ceived feverai  bees,  the  fize  of  which,  through 
this  thick  veil,  (if  I may  fo  exprefs  myfelf) 
I could  not  rightly  diftinguifh,  inferting  the 
pofterior  part  of  their  bodies  each  into  a cell, 
and  finking  into  it,  where  they  continued 
but  a little  while.  After  they  had  retired,  I 
law  plainly  with  the  naked  eye  a finali  quan- 
tity of  a whitifh  liquor  left  in  the  angle  of 
the  bafis  of  each  ceil,  containing  an  egg  : it 
was  lefs  liquid  than  honey,  and  had  no  fweet 
tafte  at  all.  Within  a day  after,  I found  this 
liquor  abforbed  into  the  embryo,  which  on 
the  fourth  day  is  converted  into  a finali 
worm,  to  which  the  working-bees  bring  a 
little  honey  for  nourishment,  during  the  fini: 
eight  or  ten  days  after  its  birth.  After  that 
time  they  ceafe  to  feed  them  ; for  they  fiaut 
up  the  cells,  where  thefe  embryos  continue 
inclofed  for  ten  days  more,  during  which 
time  they  undergo  various  changes  too  tedious 
here  to  defcribe. 

To  evince  the  reality  of  this  obfervaticn, 
and  to  prove  that  the  eggs  are  fecundated  by 
the  males,  and  that  their  prefence  is  necefiary 
at  the  time  of  breeding,  I proceeded  to  the 
next  experiments.  They  confifted  in  leav- 
ing in  a hive  the  queen  with  only  the  com- 
mon bees,  without  any  drones,  to  lee  whether 
the  eggs  She  laid  would  be  prolific.  I ac- 
cordingly took  a fwarm,  Shook  all  the  bees 
into  a tub  of  water,  and  left  them  in  it  till 
they  were  quite  femdefs,  which  gave  me  an 
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opportunity  to  diflinguifh  the  drones  with- 
out any  danger  of  being  flung.  After  I had 
recovered  the  working-bees  and  their  queen 
from  the  fiate  they  were  in,  by  fpreading 
them  on  brown  paper  in  the  fun,  I replaced 
them  in  a glafs-hive,  where  they  foon  began 
to  work  as  ufual  : the  queen  laid  eggs,  which 
I little  fufpedted  to  be  impregnated,  as  I 
thought  I had  feparated  all  the  drones  or 
males,  and  therefore  omitted  watching  the 
bees;  but  at  the  end  of  twenty  days  (the 
ufual  time  of  their  hatching)  I found  to  my 
furprize  fonie  of  the  eggs  hatched  into  bees. 
Others  withered  away,  and  feveral  of  them 
covered  with  honey.  I immediately  inferred 
that  fome  of  the  males,  having  efcaped  my 
notice,  had  impregnated  only  part  of  the 
eggs;  but,  in  order  to  convince  myfelf  of 
the  truth  of  my  fuppofition,  1 thought  it 
necefTary  to  take  away  all  the  brood-comb 
that  was  in  the  hive,  in  order  to  oblige  the 
bees  to  provide  a frefh  quantity,  being  fully 
determined  to  watch  narrowly  their  motions 
after  new  eggs  fhould  be  dcpofited  in  the 
cells.  This  was  done  accordingly,  and  at 
lafl  the  myflery  was  unravelled.  On  the 
lecond  day  after  the  eggs  were  placed  in  the 
cells,  I perceived  the  fame  operation  which  I 
have  related  in  a former  experiment  ; I mean, 
the  bees  hung  down  in  the  form  of  a curtain, 
while  others  thrufl  the  poflerior  part  of  their 
body  into  the  cells  : I then  introduced  my 
hand  into  the  hive,  broke  off  a piece  of  the 
comb  containing  two  of  thofe  infeeds,  and 
kept  them  for  examination.  1 found  in  nei- 
ther of  them  any  fling,  (a  circumflance  pe- 
culiar to  drones  only)  ; and  upon  diiledtion, 

by 
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by  the  help  a Dolland’s  microfcope,  difco- 
Vered  in  them  the  four  cylindrical  bodies* 
Which  contain  the  glutinous  liquor  of  a 
whitifh  colour,  obferved  by  Maraldi  in  the 
large  drones. 

Having  till  then  never  obferved  any  dif- 
ference in  the  fiz.e  of  drones,  I immediately 
perufed  the  memoirs  on  bees,  publiihed  by 
Med'.  Maraldi  and  Reaumur,  and  found  that 
they  had  remarked  it  frequently.  I have  in- 
ferted,  in  a preceding  page,  the  fubdance  of 
their  obfervations  on  that  head,  as  taken  from, 
their  writings  * The  reafon  of  that  difference 
mulf,  I doubt,  be  placed  amongft  other  ar- 
cana of  nature*  I found  myfelf,  therefore, 
under  a neceffity,  in  my  next  experiments, 
to  be  more  particular  in  dedroying  the  males, 
even  thofe  which  might  be  fufpeóted  to  be 
fuch.- 

I once  more  immerfed  all  the  fame  bees  in 
water  ; and,  when  they  appeared  to  be  in  a 
fenfelefs  date,  I gently  preffed  every  one  of 
them  between  my  fingers,  in  order  to  dif- 
tinguifh  thofe  armed  with  dings  from  thofe 
which  had  none,  which  lad  I might  fufpedt 
to  be  males.  Of  thefe  I found  fifty-feven, 
exactly  of  the  fize  of  common  bees,  yielding 
a little  whitifh  liquor  on  being  prelfed  be- 
tween the  fingers*  I killed  every  one,  and 
replaced  the  lwarm  in  a glafs-hive,  .where 
they  immediately  applied  again  to  the  work 
of  making  cells , and  on  the  fourth  or  fifth 
day,  very  early  in  the  morning,  I had  the 
pleafure  to  fee  the  queen-bee  depofiting  her 
eggs  in  thofe  cells,  which  die  did  by  placing 
the  poderior  part  of  her  body  in  each  of  them. 

I continued  on  the  watch  mod  part  of  the 
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elifuing  days,  but  could  diicover  nothing  of 
what  I had  feen  before. 

The  eggs,  after  the  fourth  day,  indead  of 
changing  in  the  manner  of  catterpillars,  were 
found  in  the  fame  date  they  were  in  the  fird 
day,  except  that  feme  of  them  were  covered 
with  honey.  But  a very  lingular  event  hap- 
pened the  next  day  about  noon  : all  the  bees 
left  their  own  hive,  and  were  feen  attempt- 
ing to  get  into  a neighbouring  common  hive, 
on  the  dool  of  which  Ì found  their  queen 
dead,  having,  no  doubt,  been  fain  in  the 
engagement.  The  manner  in  which  I ac- 
count for  this  event  is  as  follows  : the  great 
delire  of  perpetuating  their  fpecies,  which  is 
mod:  obfervable  in  thele  infedts,  and  to  which 
end  the  concurrence  of  the  males  feems  fo 
abfolutely  necelfary,  made  them  defert  their 
own  habitation,  where  no  males  were  left,  in 
order  to  fix  their  relidence  in  a new  one,  in 
which,  there  being  a good  dock  of  males, 
they  might  the  better  accomplilh  their  pur- 
pofe.  If  this  does  not  yet  edablifh  the 
reader’s  faith  of  the  neceflity  of  the  males 
bearing  a filare  in  the  fecundation  of  the  ova, 
the  next  experiment  cannot,  I prefume,  fail 
to  convince  him. 

I took  the  brood  comb  which,  as  I ob- 
ferved  before,  had  not  been  impregnated  -,  I 
divided  it  into  two  parts  ; one  J placed  under 
a glafs-bell,  N°  1.  with  honey-comb  for  the 
bee’s  food  ; I took  care  to  leave  a queen,  but 
no  drones,  among  the  common  bees  i con- 
fined in  it.  The  other  piece  of  brood  comb 
I placed  under  another  glafs-bell,  N°  2.  with 
a few  drones,  a queen,  and  a number  of  com- 
mon bees,  proportioned  to  the  fize  of  the 
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glafs  ; the  reft  I difpofed  of  as  before.  The 
refult  was,  that  in  the  glafs,  N°  i.  no  im- 
pregnation happened  : the  eggs  remained  in 
the  fame  fiate  they  were  in  when  put  into  the 
glafs  ; and,  upon  giving  the  bees  their  li- 
berty on  the  feventh  day,  they  all  dew  away, 
as  was  found  to  be  the  cafe  in  the  former  ex- 
periment: whereas,  in  the  glafs,  N°2.  I faw, 
the  very  day  after  the  bees  had  been  put  un- 
der it,  the  impregnation  of  the  eggs  by  the 
drones  in  every  cell  containing  eggs  ; the' 
bees  did  not  leave  their  hive  on  receiving 
their  liberty  ; and,  in  the  courfe  of  twenty 
days,  every  egg  underwent  all  the  above- 
mentioned  neceftary  changes,  and  formed  a 
pretty  numerous  young  colony,  in  which  I 
was  not  a little  ftartled  to  find  two  queens. 

Fully  fatisfied  concerning  the  impregna- 
tion of  the  eggs  by  the  males*  I defifted  for 
the  prefent  from  any  further  experiments  on 
that  head,  being  exceedingly  anxious  to  en- 
deavour to  account  for  the  prefence  of  this 
new  queen. 

I conjectured,  that  either  two  queens,  in- 
ftead  of  one,  muft  have  been  left  among  the 
bees  I had  placed  under  that  glafs  ; or  elfe, 
that  the  bees  could,  by  fome  particular  means 
of  their  own,  transform  a common  fubjedt 
into  a queen. 

In  order  to  put  this  to  the  teff,  I repeated 
the  experiment  with  fome  variation.  I got 
four  glàfs-hivès  blown  fiat,  which  I thought 
preferable  to  the  bell-fhaped  ones  I had  ufed 
before,  as  I could  with  thole  better  examine 
what  was  going  forward.  I took  a large 
brood-comb  from  an  old  hive,  and,  after 
having  divided  it-  into  leverai  pieces,  I put 
. . . fonre 
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fome  of  them,  containing  eggs,  worms,  and 
nymphs,  with  food,  viz.  honey,  &c.  under 
each  of  the  glaifes  ; and  confined  within  each 
a fufficient  number  of  common  bees,  among 
which  I left  tome  drones,  but  took  care  that 
there  ihould  be  no  queen. 

The  bees  finding  themfelves  without  a 
queen,  made  a ftrange  buzzing  noife,  which 
lafted  near  two  days  ; at  the  end  of  which 
they  fettled  and  betook  themfelves  to  work  : 
on  the  fourth  day  1 perceived  in  each  hive  the 
beginning  of  a royal  cell,  a certain  indication 
that  one  of  the  enclofed  worms  would  foon  be 
converted  into  a queen.  The  conftrudfion  of 
the  royal  cell  being  nearly  accomplifhed,  I 
ventured  to  leave  an  opening  for  the  bees  to 
get  out,  and  found  that  they  returned  as  re- 
gularly as  they  do  in  common  hives,  and 
fhewed  no  inclination  to  defert  their  habita- 
tion. But,  to  be  brief,  at  the  end  of  twenty 
days  I obferved  four  young  queens  among 
the  new  progeny. 

On  relating  the  refult  of  thefe  experiments 
to  a member  of  this  univerfity,  well  conver- 
fant  in  the  natural  hiftory  of  bees,  he  deemed 
it  neceflary  that  they  ihould  be  repeated,  in 
order  the  better  to  eftablifh  the  truth  of  a 
fadt,  feemingly  fo  improbable,  that  the  eggs, 
deftined  by  Nature  to  produce  neutral  or  com- 
mon bees,  fliould  be  transformed  into  females 
or  queens.  He  ftarted  an  objedtion  to  me, 
which,  by  the  publication  or  Mr.  Schirach 
appearing  a little  time  after,  feems  to  have 
been  pointed  out  to  that  author  alio  by  Mr. 
Withelmi,  his  brother-in-law,  namely,  that 
the  queen-bee  of  a hive,  befides  the  eggs 
which  flic  depofits  in  the  royal  cells,  might 
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alfo  have  laid  royal  or  female  eggs,  either 
in  the  common  ceils,  or  indiscriminately 
throughout  the  different  parts  of  the  hive. 
He  further  fuppofed,  that  in  the  pieces  of 
brood-comb,  which  had  been  fuccefsfully 
employed  in  the  laft  experiments  for  the  pro- 
duction of  a queen,  it  had  conftantly  hap- 
pened, that  one  or  more  of  thefe  royal  eggs, 
or  rather  the  worms  proceeding  from  them, 
had  been  contained. 

But  the  force  of  his  objection  was  removed 
foon  after,  by  the  fame  fuccefs  having  at- 
tended a number  of  other  experiments  which 
I linee  made,  an  account  of  which  would 
take  up  too  much  room  here;  and  this  Gen- 
tleman, together  with  Mr.  Schirach’s  bro- 
ther-in-law, was  at  laft  brought  to  admit, 
that  the  working-bees  are  inverted  with  a j 
power  of  railing  a common  fubjeCt  to  the 
throne,  when  the  community  rtands  in  need 
of  a queen  ; and  that  accordingly  every  worm  1 
of  the  hive  is  capable,  under  certain  circum-  ■ 
ftances,  of  becoming  the  mother  of  a genera-  • 
tion  : that  it  owes  its  metamorphofis  into  a 
queen,  partly  to  the  extraordinary  fize  of  the 
cell,  and  its  particular  pofition  in  it  ; but 
principally  to  a certain  nourishment  appro- 
priated to  the  occafion,  and  carefully  ad- 
minirtered  to  it  by  the  working-bees  while  J 
it  is  in  the  worm-ftate,  by  which,  and  pol- 
fibly  other  means  as  yet  unknown,  the  de- I ; 
veiopement  and  expansion  of  the  germ  of  the  I ( 
female  organs,  previoufly  exirti  ng  in  the  em-  I a 
bryos,  is  effected,  and  thofe  differences  in  its  j f| 
form  and  fize  are  produced,  which  after- 1 , 
wards  fo  remarkably  diftinguifh  the  queen  '11 
from  the  common  working-  bees . And  final ly 
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it  appears  evident,  from  the  experiments 
made  by  Mr.  Schirach  and  myfelf,  that  the 
received  opinion,  that  the  queen  lays  a parti- 
cular kind  of  eggs,  appropriated  to  the  pro- 
dudtion  of  other  queens,  is  erroneous.  I am 
not  a little  flattered  with  the  fimilarity  of  my 
difcoveries  with  thofe  of  the  ingenious  Ger- 
man natural  iff:,  in  proving  the  fex  of  the 
common  bees,  although  v/e  fo  widely  differ 
in  what  relates  to  the  ufe  of  the  males,  whom, 
as  we  have  feen  before,  he  imagines  to  be 
quite  ufelefs.  I am  alfo  not  a little  pleafed 
to  find,  that  our  experiments  on  the  produc- 
tion of  a queen  from  a common  embryo  agree 
fo  well. 

I filali  now  beg  leave  to  point  out  the  ad- 
vantage that  may  accrue  to  the  public  from 
thefe  obfervations,  which  is  that  of  forming 
artificial  fwarms  or  new  colonies  ; or  in  other 
words,  of  furnifhing  the  means  to  bring  on 
a numerous  increafe  of  thofe  ufeful  infedts  : 
an  objedt  of  fome  importance  to  this  king- 
dom, as  being  the  only  means  to  prevent  the 
annual  exportation  of  confiderable  fums  in 
,the  purchale  of  wax,  a great  quantity  of  which 
is  loft  every  feafon  for  want  of  keeping  up  a 
fuflicient  flock  of  bees  to  colledt  it. 

The  practice  of  this  new  art,  Mr.  Schirach 
tells  us,  has  already  extended  itfelf  through 
Upper  Lufatia,  the  Palatinate,  Bohemia,  Ba- 
varia, Silefia,  and  even  in  Poland.  In  fome 
of  thofe  countries  it  has  excited  the  attention 
and  patronage  of  government  ; and  even  the 
emprefs  of  Ruftia  has  thought  it  of  fuch  im- 
portance, that  fhe  has  lent  a perfon  to  Klein 
Bautzen,  to  be  inftrudted  in  the  general  prin- 
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ciples,  and  learn  all  the  minuti <%  of  this  new 
art. 

The  narrow  limits  of  this  paper  do  not  per- 
mit me  here  to  give  an  account  of  Mr.  Schi- 
rach’s  ingenious  obfervations.  I beg  leave 
to  refer  the  curious  reader  to  the  work  itfelf, 
which,  with  the  reviewers,  I wifh  was  tranf- 
lated  into  the  Englifh  language,  as  it  contains 
many  particulars  highly  deferving  the  notice 
of  the  fpeculative  naturalift,  as  well  as  of 
thofe  who  cultivate  bees  either  for  profit  or 
amufement. 
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PART  OF  A 

LETTER 

4 ' 1 ‘ 

FROM  THE 

ABBE  SPALLANZANI, 

TO  THE 

M A R QJJ  IS  LUCCHESINI, 

Chamberlain  to  the  King  of  Prussia, 


XWAS  fome  time  ago  favoured,  by  your 
means,  with  a letter  from  the  king.  I 
had  before  been  agreeably  furprized  by 
the  repeated  inftances  of  efteem  and  kind- 
nefs,  with  which  that  great  monarch  has 
condefcended  to  honour  me  at  different 
times  : but  I now  feel  much  greater  fa- 
tisfadtion  than  ever,  on  account  of  his 
gracious  acceptance  of  my  laid  publica- 
tion (a),  which  1 humbly  offered  him  by 
you.  In  confequence  of  his  command  you 
made  an  extradt,  which  he  had  the  goodnefs 

[a)  His  DifTertations. 
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to  read,  and  to  confider  as  not  unworthy  of 
his  royal  approbation.  Two  particulars,  you 
inform  me,  efpeciaily  drew  the  attention  of 
this  acute  philofopher  : the  firft,  my  difco- 
veries  refpedting  the  generation  of  feveral 
amphibious  animals.  By  thefe  obfervations 
he  thinks,  that  the  dottrine  of  Epigenejis  is 
fully  confuted,  and  that  of  the  pre-eidftence 
of  germs  eftablilhed,  an  opinion  to  which  he 
is  much  inclined.  The  other  particular  is, 
the  artificial  fecundation  of  various  animals. 
This  made  the  deepeft  impreffion  on  his 
mind,  as  I collect  from  your  following  ex- 
preffions  : (t  But  no  part  of  your  book  ex- 
cited fuch  aftonifhment  as  that  which  treats 
of  artificial  fecundation.  On  reading  the 
analyfis  of  it  he  thought  of  a thoufand  expe- 
riments, worthy  of  the  notice  of  the  natura* 
lift,  as  to  extend  the  difcovery  from  particu- 
lars to  general,  and  to  enlarge,  if  it  be  politi- 
ble,  the  kingdom  of  animated  nature  by'new 
colonies  of  various  forts  of  mules.5’  Thefe 
two  views  are  certainly  the  moil  intcrefting 
of  all  which  •natural  philofophy  affords  ; but 
I now  conuder  them  as  more  interefting  than 
ever,  ftnce  they  have  appeared  fo  agreeable  in 
the  eyes  of  this  philofophic  king.  With  re- 
fpedt  to  the  firft,  I rejoice  exceedingly  with 
the  favourers  of  the  prerexiftence  or  germs, 
among  whom  are  included  the  moll  judicious 
natural  ills  of  the  prefen  t age,  that  we  are 
joined  with  fo  wife  and  great  a monarch  ; 
and  I cannot  but  be  proud  of  his  glorious 
approbation,  fo  gracioufly  accorded  to  my 
dilcovery. 

With 


375 


APPENDIX. 

With  refpedt  to  artificial  fecundation,  the 
fubjedt  being,  I prefume,  worthy  of  your  at- 
tention, permit  me  to  detain  you  a little  while 
upon  it. — And  in  the  find  place,  a few  words 
concerning  amphibious  animals.  Finding 
that  I had  reaped  in  a field  which  I may  term 
my  own,  I was  tempted  to  revifit  it,  by  the 
hope  of  adding  fonie  new  ears  to  what  I have 
already  gathered.  After  the  publication  of 
my  work  I therefore  made  frern  experiments, 
which  proved  fortunate  beyond  all  belief. 
Words  cannot  exprefs  the  abundance  of  the 
produce.  I knew,  by  experience,  that  thofe 
topics  of  natural  hiftory,  which  we  fuppofe  to 
beexhaulbed  by  our  induflry  and  patience,  when 
relumed,  prefent  themfelves  under  new  and 
unexpected  afpedts,  whence  reful t either  new 
truths  or  ufeful  confequences  : all  the  works 
of  the  Supreme  Archi  tedi  being  damped  with 
the  Seal  of  his  infinite  perfections,  cannot  be 
exhaqfied  by  human  induftr'y.  I will  not 
detain  you  with  the  particulars  of  my  new 
observations  on  the  artificial  fecundation  of 
my  amphibious  animals,  for  the  abundance 
of  matter  is  ill  adapted  to  the  limits  of  a letter. 
I will  rather  take  the  liberty  of  doing  it, 
when  I filali  have  Sufficient  leifure  to  extradt 
from  my  journals  the  fum  of  my  observa- 
tions, in  order  to  compoie  a Supplement  to 
my  publication  on  that  fubjedt. 

Meanwhile,  I pal's  on  to  the  artificial  fe- 
cundation of  quadrupeds,  concerning  which 
I will  obferve  to  you,  that  I feel  the  greated 
Satisfaction  at  finding  that  my  Sentiments  do 
not  differ  from  thofe  of  your  Sovereign. 
When  I Succeeded  in  the  artificial  fecunda- 
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tion  of  a bitch,  meditating  with  furprize 
upon  my  diicovery,  I conceived  that  it  might 
be  an  excellent  way  to  procure,  if  the  thing 
bepoffible,  different  forts  of  frange  mules,  an 
idea  in  which  my  illuftrious  friend  Mr.  Bon- 
net, to  whom  I ufually  firft  communicate  my 
experiments,  concurred.  Hence  I refolved 
to  provide  myfelf,  at  my  convenience,  with 
a number  of  female  quadrupeds,  as  cats, 
bitches,  rabbits,  and  to  try  to  fecundate  them 
with  the  feed  of  feme  different  fpecies,  at  the 
feafon  of  their  amours.  I likewife  commu- 
nicated this  idea  to  Dr.  Roffi,  a celebrated 
Profeffor  in  the  Univerfity  of  Pifa,  that  he 
might  put  it  in  practice  : Dr.  Roffi,  as  you 
perhaps  know,  is  the  naturalift,  who  laft  year 
repeated,  with  fuccefs,  my  experiment  on  the 
artificial  fecundation  of  a bitch.  Towards 
the  middle  of  laft  November,  when  I re- 
turned to  the  univerfity  of  Pavia,  I procured 
two  cats,  one  two  years  old,  which  had- once 
brought  young,  the  other  eleven  months  old, 
and  which  had  never  produced.  Both  had 
the  liberty  of  my  chamber,  but  they  could 
not  get  out,  nor  was  any  male  ever  permitted 
to  enter:  there  was  only  in  the  fame  apart- 
ment a little  fpaniel  three  years  and  a half 
old,  the  fame  which  had  furnifhed  the  pro- 
lific liquor  that  fecundated  the  bitch.  The 
older  cat  was  firft  in  feafon  -,  this  fell  out  on 
the  3d  of  December  : incefiant  loud  cries, 
ftifficiently  expreffive  of  her  wants,  aftorded 
a clear,  proof,  that  fhe  now  began  to  feek  and 
to  invite  the  male.  Being  unable  to  fatisfy 
her  defires  by  means  of  a male  of  her  own 
fpecies,  and  being  by  nature,  like  all  other 
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female  cats,  exceedingly  falacious,  fhe  for  the 
prefen t forgot  her  antipathy  to  the  dog- 
kind,  and  did  not  hefftate  to  approach  the 
fpaniel,  and  to  invite  him,  by  ftrorking  his 
belly,  and  reiterated  careffes  ; but  he,  with- 
out either  hurting  the  cat  or  flying,  never 
confented  to  her  wifhes,  though  he  was  of  a 
very  voluptuous  difpoiition  ; he  would  fmell 
her,  and  then  turn  with  indifference  another 
way.  The  third  day  after  the  appearance  of 
thefe  flgns,  I tried  to  fecundate  my  cat  arti- 
ficially with  twenty-two  grains  of  feed,  fur- 
ti ifhed  by  the  fame  dog.  The  lame  means 
and  precautions  were  employed  as  in  the  ex- 
periment on  the  bitch.  But  having  obferved 
that  the  females  of  this  fpecies  receive  the 
male  many  times,  I was  not  fatified  with  a 
Jingle  injection,  but  repeated  it  thrice  more 
before  the  cat  went  off  her  heat,  which  hap- 
pened on  the  nth  of  December;  I kept  her 
confined  along  with  the  other,  as  in  a former 
experiment. 

You  may  conceive  my  anxious 1 ekpectktion 
of  the  relult  of  this  unattempted  experiment. 
Should  any  one  of  my  injections  prove  pro- 
lific, and  fhould  the  young  partake,  both  in 
form  and  manners,  of  the  female  which  con- 
ceived them,  and  the  male  that  furnifhed  the 
feed,  I fancied,  that  the  molt  lingular  mules, 
and  fuch  as  had  never  been  before  feen, 
would  now  be  produced.  With  refpeCt  to 
manners,  two  m oft  oppolite  natures  would 
be  kneaded  together  and  be  confounded;  the 
one,  that  of  an  animal  fufceptible  of  educa- 
tion, full  of  courage,  abilities,  and  fentiment, 
all  ardour,  all  affedtion,  all  obedience  to  his 
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mailer;  the  other,  that  of  an  animal  in  in- 
ternal qualities,  far  inferior,  by  inflindt  in- 
tractable, abhorring  all  fubjedtion,  faithlefs 
to  its  owner,  affectionate  only  through  in- 
tereil,  and  born  with  an  irreconcileable  en- 
mity to  the  former.  Nor  would  the  nature 
of  thefe  two  animals  engrafted  together,  be 
lefs  different  in  a phyfical  point  of  view, 
whether  we  confider  the  external  configu- 
ration, the  proportion  of  the  limbs,  or  the 
internal  organization.  But  unhappily  this 
was  an  occurrence  not  eafy  to  be  brought 
about  by  the  experimenter,  and  in  which  his 
labour  is  not  crowned  with  luccefs.  The 
cat,  notwithflanding  all  my  care,  was  not 
fecundated.  I was  not,  however,  difcouraged 
by  this  failure  from  repeating  -my  attempt 
with  the  feed  ,of  the  fame  dog  and  the  fame 
precautions,  upon  the  other  cat,  which  began 
to  be  in  heat  on  the  1 8th  of  January,  and  in- 
flead  of  four,  1 injedled  feed  feven  times  ; 
that  is  to  fay,  once  every  day  as  long  as  the 
feafon  of  her  amours  lafced.  At  each  injec- 
tion I did  not  introduce  lefs  than  eighteen 
grains  of  feed  ; but  impregnation  did  not 
take  place;  for  from  the  lafl  injection  to 
the  date  of  this  letter,  thirty-two  days 
have  elapfed,  and  there  does  not  appear  the 
lead  intumefcence  of  the  cat’s  belly.  This 
is  aifo  the  cafe  with  the  other,  though  the 
experiment  was  made  fo  long  before.  We 
know,  that  thefe  animals  bring  forth  in 
about  55  days,  and  bitches  in  fixty-three  at 
far  theft. 

I would  not,  notwithflanding,  pronounce 
the  attempt  impracticable,  for  1 think  that, 
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to  warrant  fuch  an  afiertion,  a greater  num- 
ber of  trials  is  necefiary.  Thefe  two  experi- 
ments, however,  may  juftly  render  us  mif- 
truffful  of  any  that  diali  be  hereafter  attempt- 
ed; I filali  not  be  lurprized  if  they  fhould 
prove  unfuccefsful,  confidering  the  widely 
different  nature  cf  thefe  animals.  But  fhould 
this  really  happen,_  we  ought  not  to  be  dis- 
contented, linee  Nature  has  thus  replied  to 
our  interrogatories;  and  her  refponfes,  what- 
ever they  may  be,  fhould  be  held  precious  by 
us,  as  they  ferve  to  increafe  the  ftores  of  ufe- 
ful  knowledge.  Further,  the  failure  of  thefe 
attempts,  ought  not  to  prevent  us  from  making 
others  upon  animals  differing  in  their  nature. 
It  is  true,  that  every  kind  of  feed  will  not 
fecundate  every  fpecies  of  animal.  This  li- 
quor, on  which  depends  the  perpetuity  of  the 
fpecies,  muff  have  a certain  relation  with  the 
embryos  to  be  fecundated;  and  it  is  natural 
to  fuppole,  that  fuch  a relation  does  not  be- 
long to  all  kinds  of  feed.  But  it  is  allo 
true,  that  we  can  only  learn  from  the  effeCts, 
that  is  from  experiment,  when  this  relation 
does  fubfift.  The  very  experiments  which 
at  firft  feemed  contrary  to  the  production  of 
fuch  and  fuch  mules,  when  repeated  in  a 
better  manner,  proved  favourable  to  it.  Buf- 
fon deftroyed  our  hopes  of  procuring  mules, 
by  keeping  rabbits  and  hares  together,  feeing 
that  in  the  experiment  he  adduces,  the  one 
fpecies  never  copulated  with  the  other.  But 
this  conjunction  has  been  effected  by  other 
hands  ( a ),  and  hence  hare-rabbits  have  been 

(a)  In  thofe  of  the  Abbé  Amoretti. 
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procured.  A dog  and  a fhe-wolf,  kept  to- 
gether for  a long  time  by  the  fame  author, 
never  fhewed  any  fign  of  mutual  attention. 
But  the  experiment,  when  repeated  by 
others,  had  a very  different  degree  of  fuccefs. 
The  mules  that  were  by  thefe  means  pro^ 
duced  propagated  their  kind  (a)  : Buffon 
failed  in  the  fame  manner  with  refpedf  to 
dogs  and  foxes  : this  experiment  has  not, 
as  far  as  I know,  been  repeated  by  others. 
I fliould  think,  that  in  more  expert  hands, 
it  would  have  been  attended  with  a more 
fortunate  refult.  But  in  the  race  of  mules, 
there  is  nothing  perhaps  fo  curious  and  lur- 
prizing  as  the  famous  Jumart.  Three  va- 
rieties, you  know,  are  enumerated,  the  off- 
fpring  of  the  bull  and  mare,  the  afs  and 
cow,  and  the  bull  and  fhe-afs.  Leger 
and  Shaw  admit  the  exigence  of  all  with- 
out hefitation  ; but  Buffon,  in  his  hil- 
tory  of  animals,  reckons  them  all  imaginary. 
Yet  in  his  fupplement,  he  does  not  ab  folli  tel  v 
deny  the  poffibility  of  their  exigence,  though 
he  doubts  it  much.  But  in  truth,  the 
French  Pliny  was  mi  (taken.  Mr.  Bourge- 
lat,  formerly  in fpeókor- general  of  the  E- 
cole  Veter  inair  e at  Lyons,  in  a lerter  to  the 
illuftrious  Bonnet,  exprefly  fays,  that  he  had 
been  in  poffefhon  of  leverai  of  thefe  Ju marts, 
and  that  one  was  differed  under  his  in- 
fpedtion  in  the  fchool  at  Lyons  -,  and  he  com- 
municates the  refult  in  his  letter  to  the  phi- 
lofopher  of  Geneva  (<£).  The  authority  of 
this  celebrated  and  ingenuous  perfon,  merits 

(<v)  Bonnet  CEùvreSj  T.  3..  ( b ) 1.  c. 
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the  utmoft  deference.  Afluming  then  the 
existence  of  this  lingular  fort  of  mule,  I 
could  wilh  that  they  Ihould  be  multiplied 
much  more  than  they  have  hitherto  been, 
both  becaufe  they  are  well  adapted  to  throw 
fuller  light  upon  the  great  function  of  gene- 
ration, and  becaufe  they  may  pofiibly  prove 
highly  advantageous  to  mankind,  as  they  are 
faid  to  have  been  polfelfed  of  extraordinary 
fixength.  Natural  fecundation,  tho’  ftudi- 
oully  attempted,  would  not  very  fully  accom- 
plish this  objeft,  on  account  of  the  indif- 
ference, or  rather  the  averlion  of  quadrupeds 
of  various  forts  to  copulate  together,  ef- 
pecially  when  they  happen  to  be  placed  at  a 
great  diftance  from  each  other.  Thefe  il- 
legitimate marriages  take  place  only,  when 
the  afs  or  the  bull  cannot  find  the  means  of 
fatisfying  their  defires  upon  their  own  fpe- 
cies,  and  are  moreover  uncommonly  ar- 
dent. Artificial  fecundation,  properly  per- 
formed, would  be  moft  convenient  in  this 
cafe.  I will  add,  moft  refpedtable  Marquis, 
that  I am  well  difpofed  to  put  it  in  prac- 
tice; but  my  public  and  private  engage- 
ments have  hitherto  prevented  me,  as  alfo 
the  expence,  for  I will  openly  acknowledge 
it,  of  keeping  thefe  animals  for  feveral 
months,  to  which  the  narrow  income  of  a 
philofpher  is  not  very  adequate.  Hence  I 
made  application  to  .a  rich  perfon  in  Lom- 
bardy, to  alfifi:  me  in  thefe  experiments  ; 
but  he  was  infenlible  to  the  propofal,  a cir- 
cumftance  which  did  not  furprize  me,  as 
it  certainly  will  not  furprize  you,  who 

know. 
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know,  that  the  nobility  in  many  cities  of 
Italy  are  not  very  friendly  to  fcience  and  li- 
terature. In  order  to  fatisfy  my  withes,  I 
fee  no  better  expedient  you  will  excufe  my 
philofophical  freedom,  than  that  of  apply- 
ing to  you.  The  high  honour  you  enjoy, 
in  polfeffing  a ftation  in  the  court  of  one 
of  the  greateft  princes  upon  earth,  fuitable 
to  your  eminent  virtues  and  valuable  en- 
dowments, of  a prince,  who  is  at  once  the 
delight  of  his  happy  kingdom,  and  the  great 
protestor  of  letters  and  learned  men  : your 
ardour  for  natural  philofophy,  and  for  what- 
ever has  a tendency  to  ennoble  and  advance 
it  ; your  clofe  connection  with  our  famous 
royal  academy  of  fciences  and  polite  litera- 
ture at  Berlin,  which  is  fo  defirous  of  en- 
larging the  limits  of  this  noble  branch  of 
knowledge,  by  the  fure  guidance  of  ac- 
curate experiments  : thefe  favourable  cir- 
cumftances  afford  me  hopes,  that  you  will 
not  refufe  to  fecond  my  withes.  I am  will- 
ing to  believe,  that  you  will  choofe  the  moft 
advantageous  moment  to  fpeak  to  your  fo- 
vereign  of  this  curious  projeCt;  nor  do  I 
defpair  of  his  encouragement,  lìnee  it  may,  in 
fome  lort,  be  termed  a thought  of  his  own. 
But  enough  of  this.  I proceed  to  another 
fubjeCt. 

[The  remaining  part  of  this  letter , having 
no  connection  with  any  topic  treated  in  the 
foregoing  Dijfertations , is  omitted .] 
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Spallanzani  having  adverted,  in  more 
Pafiages  than  one,  to  the  Fecundation 
of  Fishes,  Mr.  Ferris  was  induced  to 
fend  the  following  Observation  to  the 
Editor  of  the  Jownal  de  Phyjique. 

AT  the  age  of  about  fourteen  or  fifteen, 
he  happened  to  be  on  the  bank  of  a 
river  abounding  in  filhes.  The  ftream  was 
rapid,  but  the  water  was  fo  (hallow  and  clear, 
that  at  about  the  depth  of  two  feet,  he  ob~ 
ferved  two  falmons  ftirring  the  fand  with 
their  tails,  which  were  turned  to  each  other. 
They  made  a hole  in  the  fhape  of  a funnel, 
over  which  the  female  placed  the  extremity 
of  her  tail,  and  difcharged  a quantity  of  red 
liquor:  her  place  was  then  immediately  taken 
by  the  male;  who,  in  the  fame  poiition,  e- 
mitted  a confiderable  jet  of  white  liquor. 
They  then  in  concert  covered  the  hole  with 
fand  and  parted. 

This  obfervation  is  fucceeded  by  a paper, 
copied  from  Mr.  Duhamehs  work  on  filhes 
and  fifheries,  on  the  mode  of  producing  fal- 
mons and  trouts,  as  it  is  pradtiled  on  the 
banks  of  the  Wefer.  It  is  not  furprifing  that 
an  elfay,  written  chiefly  with  ceconomical 
views,  fhould  not  in  every  refpedt  fatisfy  the 
curiofity  of  the  philofopher.  A box  or  cafe 
of  wood  is  directed  to  be  made  with  an  aper- 
ture towards  the  bottom  of  two  oppolite 
fades.  The  aperture  is  to  be  fecured  with  a 
grate  of  iron.  The  bottom  is  to  be  covered 
with  fand  and  gravel,  and  a gentle  ftream  is 
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to  be  brought  through  the  box.  In  No- 
vember, when  the  falmon  repairs  to  brooks 
and  rivulets,  in  order  to  propagate  the  fpè- 
cies,  a female  is  to  be  held  by  the  head  over 
a bucket  of  clean  water.  If  the  eggs  be 
quite  mature,  they  will  drop  out  of  them- 
felves  ; or  if  they  fhould  not,  gentle  pref- 
fure  on  the  belly  wrill  bring  them  out.  The 
male  is  to  be  treated  in  the  fame  manner,  and 
when  the  furface  of  the  water  appears  white 
with  milt,  the  operation  is  finifhed.  The  eggs 
are  now  to  be  carried  to  the  box.  Some- 
times the  young  are  formed  in  five  weeks, 
and  may  be  feen  to  move  in  the  egg.  They 
may  be  diflinguifhed  by  their  eyes,  which 
are  black,  while  the  other  parts  are  yet  dia- 
phanous : in  eight  days  afterwards  they  break 
through  the  fkin  or  membrane  of  the  egg. 
This  period,  however,  varies  with  the  tem- 
perature of  therwater,  and  of  the  atmofphere, 
and  is  fometimes  prolonged  to  ten  weeks. 
While  the  young  fry  is  growing  in  the  egg, 
a fine  pellicle,  diilindt  from  the  external 
membrane,  may  be  obferved  ; to  this  pellicle 
the  little  fifh  is  attached  ; it  forms  a fac 
round  it.  The  fac  fills  almofts  the  whole 
capacity  of  the  egg,  and  ferves  the  fetus  for 
a Jiomach  and  bowels.  The  firfl  feeds  upon 
the  matter  contained  in  it  four  or  live  weeks 
after  it  is  hatched.  During  this  time  the 
mouth,  which  is  at  firfl  fhapelefs,  gradually 
elongates;  afterwards  the  fac  totally  difap- 
pears,  and  the  animal  all  limes  its  perfeól 
figure. 

The  fame  method  is  to  be  obferved  with 
refpedt  to  trouts,  but  their  eggs  are  not  ma- 
ture till  December  and  January. 

The 
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The  author  obferves,  that  fifties  do  not 
copulate,  and  that  fecundation  is  external. 
He  procured  from  a trout  fome  eggs  per- 
fectly mature,  and  took  the  utmoft  care  of 
them,  but  he  put  no  milt  upon  them,  and 
they  all  fpoiled  without  producing  a fingle 
young  fifh. 

Among  the  trouts  produced  according  to 
the  method  above-defcribed,  there  appeared 
many  varieties  of  monfters  ; the  author 
explains  thefe  phenomena  from  Lev/en- 
hoeck’s  hypothefis  concerning  the  fpermatic 
worms. 

But  the  moft  curious  experiment  in  this 
paper  is  the  following.  The  author  took 
the  mature  eggs  out  of  a trout,  which  had 
been  dead  four  days,  and  which  was  now 
very  putrid  and  offenfive.  He  covered  them 
with  the  milt  of  a living  male,  and  the  pro- 
duce of  fry  was  as  abundant,  as  if  the  eggs 
had  been  furniftied  by  a living  female. 

He  next  propofes  to  fecundate  the  eggs 
of  the  trout  with  the  milt  of  the  falmon, 
and  reciprocally.  He  pretends,  that  certain 
waters,  and  a particular  kind  of  food,  will 
convert  trouts  into  fiilmon-trouts. 

He  afierts,  that  the  eggs  of  both  thefe 
fpecies  infallibly  perifti,  if  any  impurity  ad- 
heres to  them,  or  if  they  lie  long  upon  the 
ground  : hence  he  deduces  the  final  caule  of 
their  depofiting  their  offspring  upon  the 
gravelly  bottom  of  rivulets,  in  places  where 
the  ftream  is  continually  freeing  them  front 
impurities, 


C c AN 


Vol,  II. 


V A 

XHOVU 

I A D 1 T Y J A VI  A 

i H T T 0 

i-  T ' Vi  ' 

a T HO  D 

J | 

% A r ■<  J 

.8  M Ó'I 

T A T : a ! o 

X \ ' > 

. 

. >i -i  j j < . -•■■■■  - ■■  ■ o 

y ->,§Bri  — ■ '../lit-»  dì  . i v t y 

,<ji  ;Ufr;n  bnr  iltai  aii)  jov  r>c  m319RiG.il  / / 

* 

‘ • - aro  •:  -5.H-  vd  Iabofl  vd  baH" 

badiptab  asggu  f • rniritfiV1  1 ?iuornfi  «’<  io  oo)£->2  .V.  ( 

..<fl  — y-  

„di  — nonliUiiV  io  a^uffiM 

lo  ilóhrji  £>;'.)  )e  'j.vit  ai  oust». -an  sgoil  io  aggo  .1 
guild  'piiT  óo|jKluqoD  io.  noùaiuG  .siuom£ 

~~  — — . baniinoD  rigoori) 

— nobiun  up  ot  v nflbasn  noiiibnoO  .11'. 

ìòbclijqo'j  gniitib  aog>  ari)  lo  anorasiitrYjnsi  3tiG  III  -* 

• irle  inoitóvo  orti  ni  i ggo  ad)  rtaawiad  aonaiàftib  It.-ì-iD 

21113)1;  «K  Ibw  2S  t»fuubt70  ''fit  .fi: 

’ •,/)<  ni  balsbfuóaì  Jori  aie  figgo  ari)  isri)  aìooiM  Xl 
«.nasoni  I lo  ìisIIiM  .slamai  s ; lo 
• auiAinoW  loHaìoiS  IoaicfliM  iff 

c ] ...  — h ilfinnl  eri)  lo  ybod  ? ■ 


A N 


ANALYTICAL  INDEX 

OF  THE 


CONTENTS 

I 

OF  THE 

DISSERTATIONS, 

c H A P.'  I. 

GENERATION  OF  THE  GREEN  AQUATIC  FROG. 


I. 


WH  Y fo  called  — — Page  5 

II.  Difference  between  the  male  and  female  ib. 


III.  Effential  difference  between  this  fpecies,  and  that 

called  by  Roefel  by  the  fame  name  — 6 

IV.  Seafon  of  its  amours.  Ovarium  and  eggs  defcribed 

t—  ib. 

V.  Miftake  of  Vallifneri  — * ib. 

VI.  Eggs  of  frogs  increafe  in  fize  at  the  feafon  of  their 

amours.  Duration  of  copulation.  They  bring  forth, 
though  confined  -> r — — 7 

VII.  Condition  necefTary  to  parturition  — 8 

VIII.  Different  fituations  of  the  eggs  during  copulation. 

Great  difference  between  the  eggs  in  the  ovarium  and 
in  the  ovidudts,  as  well  as  uterus  ib. 

IX.  Proofs  that  the  eggs  are  not  fecundated  in  the  body 

of  the  female.  Miftake  of  Linnaeus  — ib. 

X.  Miftake  of  Profeffor  Menzius  9 

XI.  XII.  Mode  in  which  fecundation  is  effected  w'ithout 

the  body  of  the  female  ■ — 10 

C c 2 XIII, 


INDEX. 


XIII.  Curious  and  inftrudtive  experiment  to  hinder  the 

fecundation  of  the  eggs,  propofed  by  Nollet,  and  fuc- 
cefsfully  performed  by  the  author  — — i r 

XIV . Defcription  of  the  eggs  at  the  time  of  parturition 


12 


XV,  XVI,  XV II.  The  globules,  hitherto  called  eggs,  are 
not  eggs  but  tadpoles.  Succeflive  evolution  of  them 


— — ~ 13,  14. 

XVIII,  XIX.  Proofs  that  the  fetus  of  this  fpecies  exids 
before  the  acceffion  of  the  male.  Important  confe- 
quences  deduced  from  this  difcovery  — 15,  16 


CHAP.  II. 


GENERATION  OF  THE  TREE-FROG. 


XX.  Defcription  of  this  frog.  Its  habitation  — 17 

XXI.  The  embraces  of  this  are  different  from  thofe  of 


other  fpecies  of  frog 


ib. 


XXII.  Difference  of  duration  of  copulation  of  this  fpe- 
cies in  Italy  and  Germany  — ib. 

XXIII.  Roefel  knew  not  the  mode  of  fecundation  in 

this  fpecies  — 18 

XXIV,  XXV  . The  author  was  more  fortunate.  He 
faw  the  femen  of  the  male  irrotate  the  eggs  — ib. 
XXVI.  Fecundation  external,  yet  fometimes  takes  place 

internally  — 19 

XXVII.  Miflake  of  Roefel  about  the  gluten  of  the  eggs 

— — ib, 

XXVIII,  XXIX.  Progrefs  of  evolution.  Animation. 
Difcovery  that  what  were  thought  to  be  eggs,  are  fc- 
tufes  — 2Q 

XXX.  They  pre-exift  in  the  female  21 

XXXI.  The  fetufes  of  this  fpecies  continue  longer  in 

the  amnion  than  thofe  of  the  preceding  — ib, 

XXXII,  XXXIII,  XXXIV,  XXXV,  XXXVI,  XXXVII, 
Summary  of  Roefel’s  obfervations,  on  the  tree-frog. 

His  mi ftakes  — : 22,  23 

XXXVIII.  Singular  fhape  of  the  tadpoles  that  pcrifli  in 

the  amnion  23 

XXXIX. 


I N D E X. 


ÌCXXIX.  Precaution  neceffary  to  the  growth  of  the 
young  — ‘ — 24 


C PI  A Pi  IIL 

GENERATION  OF  THE  TOAD,  CALLED  BY  ROESEL, 
BUFO  TERRESTRIS,  DORSO  TUBERCULIS  EXASPE- 
RATOj  OCULIS  RUBRIS. 


XL.  Two  fpecies  of  this  toad.  No  difference  between 

them  in  what  refpetts  generation  ib. 

XLI.  Seafon  of  their  amours;  Difference  of  iize  be- 
tween the  male  and  female.  The  male  adheres  to  the 

female  when  fhe  flies  **  25 

XLII.  The  eggs  adhere  to  the  ovarium  at  the  beginning 
of  copulation.  Its  duration.  Salacioufnefs  of  the 

males  ; — — ib. 

XLIII.  Noife  made  by  the  male  at  this  time  — ib. 
XLIV.  Infettine  motions  in  the  female’s  body,  while  the 
eggs  are  pafling  through  the  ovidudts  and  uterus  26 
XLV.  Duration  of  the  difcharge  of  the  eggs  in  two 

cords  — 1 — ■ — ib. 

XLVI.  Remarkable  length  of  the  cords.  Number  of 

the  eggs  27 

XLVII.  The  males  do  not  quit  the  females  when  they 

are  removed  out  of  the  water  — ; ib. 

XVIII.  Pofture  of  the  male  when  he  fecundates  the  eggs 

— . — ib. 

XLIX.  The  eggs  are  fecundated  by  the  feed,  which  is 
brought  gently  into  contaci  with  them  — - ib. 

L.  The  manner  in  which  thefe  very  long  cords  are  fe- 
cundated   28 

LI.  Decifivé  proofs,  that  the  liquor  with  which  the  male 
bedews  the  eggs,  is  the  fecundating  feed  — ib. 
LII.  Fecundation  takes  place  in  thefe  animals  without 

the  female’s  body  — ib. 

LIII.  Whether  the  bodies  hitherto  called  eggs  are  tad- 
poles, and  if  fo,  whether  they  exit!  before  fecundation 

ib." 
LIV, 


C c 3 


index:. 


LIV,  LV,  EVI,  LVII.  Analyfisof  thefe  corpufcles,  with 
direct  proofs,  that  they  are  tadpoles  not  yet  evolved, 
and  they  are  to  be  fouiid  in  the  females  before  the  ac- 
cedimi of  the  male  — - — 29 

LV1II.  Pre-exiftence  of  the  amnion  before  fecundation 

3° 


LIX.  The- blood  manifeftly  circulates  before  there  ap- 
pears the  leiift  motion  in  the  tadpole  — ib. 


C H A P.  IV. 


GENERATION  OF  THE  FETID  TERRESTRIAL  TÓAD. 


LX.  Specific  difference  between  this  animal,  and  that' 
called  by  Roefel,  Bufo  terreflris  foetidus  — 31 

EXE  Refpedts,  in  which  the  male  and  female  differ, 
2nd  in  which  they  agree  — — 32  ' 

LXII.  Stagnant  waters  are  chofen  by  thefe  animals  for 

the  purpofe  of  propagation  32 

LXIII.  Seafon  of  copulation  - — — ib. 

LXIV.  Great  difference  of  the  feafon  of  amours  of  this  ' 
fpecieS,  arid  that  deferibed  in  Chap.  III.  The  former 

require  a warm  temperature  ib. 

LX V.  The  duration  of  copulation  in  frogs  and  toads, 
appears  to  be  inverfely  as  the  heat  of  the  atmofphere 

23 

LXVI.  The  female  does  not  difeharge  her  eggs  without 

the  embraces  of  the  male  — 

LX  VIE  Eggs  fallen  into  the  thorax  and 

Way  in  which  this  may  happen  35 

LXV1II,  LXIX.  Duration  of  copulation.  Manner  in 

which  the  eggs  are  fecundated  ib. 

LXX.  The  eggs,  when  difeharged,  are  inclofed  and  im- 
bedded in  cords  of  gluten,  which  matter  is  generated 
in  the  cavity  of  the  eggs.  The  eggs  do  not  grow 
when  ftripped  of  the  gluten  or  amnion  — 36 

LXXI.  In  this  fpecies  alfo  the  round  bodies,  hitherto 
Called  eggs,  are  tadpoles  — 

LXXil.  They  pre-exift  in  the  female 
LXXI  II.  As  alio  does  the  amnion,  and  probably  the 
‘ umbilical  cord  ■ ■■  — 38 

LXXlV. 


abdomen. 


INDEX. 


LXXIV.  Precautions  for  the  ufe  of  thofe  who  {hall  de- 
fire to  repeat  thefe  experiments  — ib. 

LXXV,  LXXVI.  Dried  eggs  of  fifhes  lofe  the  power  of 
producing,  which  alfo  happens  to  tadpoles  in  the  form 
of  eggs.  ConfeqUences  relpedling  the  explication  given 
by  fome  authors,  of  the  appearance  of  fifhes  in  places 
where  they  no  longer  exifted  — 40 — 42 


CHAP.  V. 


GENERATION  OF  THE  WATER-NEWT. 


LXXVII. 

author 

LXXVIII. 


Marks  of  the  two  fpecies  examined  by  the 

42 

43 


Their  places  of  abode 


LXXIX.  Remarkable  phenomenon  obferved  by  the  au- 
thor, with  refpeét  to  newts  in  fpring,  and  in  autumn 

44 

LXXX.  Singular  manner  in  which  the  male  impregnates 

the  female  without  copulation  - 45 

LXXXI.  Confirmation  of  this  obfervation.  Inflanta- 
neous  conjunction  of  wall-lizards  — 46 

LXXXII.  Agreement  of  the  author’s  obfervations  with 

thofe  of  a French  Naturalift  — 48 

LXXXII1.  Eggs,  ovarium,  and  ovidu&s  defcribed  50 
LXXXIV.  Eggs  get  into  the  dudts  at  the  feafon  of  a- 
mours.  Thofe  only  are  fecundated  which  are  upon 
the  point  of  being  difcharged  — — 51 

LXXXV.  Although  the  more  are  fecundated  afterwards. 
Duration  of  the  amours  of  newts  — 52 


LXXXVI.  Miftakes  of  Bomare 


53 


LXXXVII.  Gradual  evolution  of  the  eggs,  which  fhews 
that  they  are  only  newts  in  miniature  — 55 

LXXXV1II.  The  young  newts,  as  they  are  further  e- 
volved,  not  being  capable  of  being  contained  in  the 

amnion,  burft  it  — — 57 

LXXXIX.  Time  requifite  for  thefe  animals  to  pafs  from 
the  fallacious  form  of  eggs,  to  the  true  one  of  newts. 
Great  difficulty  in  hatching  them  — 58 

XC.  Afterwards  reared  more  eafily.  Evolution  of  the 

hands  and  feet.  Duration  of  the  gills  . 59 

C c 4 XC1. 


I N D K:  X> 


XCI.  Pre-exiftence  of  the  fetus 
XCII.  Generation  of  another  fpecies 


6 o 
61 


CHAP,  VI. 
reflections. 

XCIII.  Seafon  appointed  for  the  generation  of  quadru- 
peds and  birds.  In  infedfs  the  feafon  varies  according 
to  the  warmth  op  coldflefs  of  the  weather  — 62 

XCIV.  As  alio  in  the  amphibia  above-mentioned.  They 
copulate  fooner  in  warm  than  in  cold  climates  63 
XCV.  They  are  to  be  removed  from  among  oviparous 
to  vivaparons  animals.  They  have  a diftingujfhing 


characferiftic 
account 


for  which  itdoes  not  feem  difficult  to 

— 65 

XCVI.  They  appear  to  have  the  fame  forefight  as  other 
animals,  for  the  multiplication  of  the  fpecies  67 

XCV.II.  Tire,  end  for  which  the  male  fo  clofely  embraces 
the  female.  Difcuffion  of  the  opinions  of  two  Natu- 

ralifts  — — — 69 

XCVIII.  Caufe  of  the  perfeverance  of  the  male  in  em- 
bracing the  female  fo  long,  and  of  their  negledling 

their  own  fecurity  — — 71 

XCIX,  C.  Pundfures*  incifion,  cutting  off  the  limbs,  de- 
capitation, do  not  prevent  the  male  from  adhering  to 
the  female,  and  fecundating  the  embryos  72—74 

Cl.  An  highly  improbable  opinion  of  Swammerdam  75 
CII.  Curious  obfervation  of  Demours.  Reftedtions  76 
CIII.  The  manner  of  fecundation  in  thefe  amphibia,  de- 
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CIV.  Mode  of  fecundation  in  other  fpecies  of  the  fame 
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CV,  CVI.  Doubts  relating  to  the  generation  of  fifties. 
Ridiculous  opinion  of  Linnaeus.  A mode  propofed  ot 

inveffigating  the  myftery  * 81,  82 

CVII.  Fecundation  of  bee’s  eggs  external.  Number  of 
animals  in  which  this  takes  place.  Very  finali  in  com- 
panion with  thofc  in  which  it  is  otherwife  ^ 84 
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CVIH.  Reflections  upon  the  fingular  fecundation  of 

newts  « * — »-  * 85 

CIX.  The  author’s  difcovery  of  the  pre-exiftence  of  the 
fetufes  in  thefe  amphibia,  totally  overturns  the  fyftem  of 
Epigenefis  ; as  alfo  that  of  the  Vermiculifis.  Every 
reafon  to  fuppofe  that  the  fucceflive  orders  of  fetufes, 
which  every  year  become  conlpicuous  in  the  ovaria* 

have  co-exifted  with  the  female  — 87 

CX.  Examination  and  confutation  of  a fingular  opinion 
concerning  the  generation  of  frogs  ***-  go 
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EXAMINATION  OF  DR.  PIRRl’s  OBJECTIONS. 
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ARTIFICIAL  FECUNDATION  OF  THE  TERRESTRIAL 
FROG,  WITH  RED  EYES  AND  DORSAL  TUBERCLES. 

CXVIII.  Vain  attempt  of  Malpighi  and  others*  to  fe- 
cundate the  frllc-worm.  The  author’s  defign  to  make 

the  experiment  on  frogs  and  toads  xi2 

CXIX.  He  fucceeds  on  the  p relent  fpecies  — uy 
CXX.  A greater  quantity  of  tadpoles  produced  by  a 

greater  quantity  of  feed  

CXXL  The  experiment  fucceeds  alike,  whether  the  tad- 
poles be  wetted  with  feed  before  or  after  they  are  irn- 
merfed  in  water.  Artificial  fecundation  equally  cal- 
culated to  animate  the  tadpoles  with  the  natural  116 

exxn. 
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CXXII.  They  may  be  fecundated  while  yet  in  the  ute- 
rus. Abfence  of  the  fpermatic  worms  from  the  feed, 

not  at  all  unfavourable  to  fecundation  n^’ 

CXX1II,  CXXIV.  Artificial  fecundation  cannot  be 
effe£led  at  the  upper  part  of  the  ovidu&s.  The  rea- 
fon,  nor  does  it  fucceed  on  thole  that  have  acciden- 
tally fallen  into  the  abdomen,  and  thofe  that  are  not  yet 
feparated  from  the  ovarium  — 118—120 

CXXV . Juice  exprelTed  from  the  tefticles,  juft  ?.s  fit  for 

fecundation  as  feed  — : — - « I2I 

CXXVI.  New  fpecies  of  toad.  Artificial  fecundation 
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CXXVII.  The  fame  law  is  obferved  by  Nature  in  the 
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ARTIFICIAL  FECUNDATION  OF  THE  WÀTER-NEWT, 
AND  FETID  TERRESTRIAL  TOAD. 

CXXVIII.  Artificial  fecundation  unfuccefsfully  attempted 
in  the  water-newt,  with  pure  feed  — 126 

CXXIX.  Obtained  in  fome  meafure  by  feed  mixed  with 
water.  Juice  of  the  tefticles  equally  efficacious,  if 

mixed  with  water  128 

CXXX.  In  the  fetid  toad  we  may  obtain  the  various  forts 
of  fecundation  mentioned  in  paragraph  CXIX,  CXX, 
CXXI,  CXXII,  CXXIII.  Seed  of  this  toad  fit  for 
fecundation,  after  it  has  continued  in  the  veficles  of  the 

animal  feveral  hours  after  death  ; 129 

CXXXI.  As  alfo  after  Handing  in  a yefleh  The  time 
at  which  it  lofes  it,  depends  on  the  temperature  of  the 
air.  Phyfical  caufe  of  the  inertnefs  of  the  feed  131 
.cxxxn.  Juice  of  the  tefticles  keeps  its- virtue  longer 

than  feed  — — — 133 

CXXXIil,  The  tefticles,  when  fhrunk,  are  not  deftitute 
of  this  virtue  ; but  they  are,  when  dried,  as  alfo  when 
cxpofed  to  a ftrong  heat-.  _ 'Pellicles  of  toads  kept  by 
themfelves,  and  of  thole  which  are  too  young,  are  un- 
fit for  fecundation  — — 134 
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GXXXIVv  Seed  and  juice  of  the  tefticles  does  not  lofe 
its  prolific  power  when  incorporated  with  other  li- 
quors   135 

GXXXV.  Tadpoles  preferve  the  power  of  being  fecun- 
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in  the  dead  uterus  — — 137 
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CXXX1X.  Very  little  difference  in  the  refults  relating 
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finali  particle  of  feed  fufficient  ■ ib. 
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a thick  ftratum  of  gluten  . 1^6 
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mixture  continues  prolific  for  a number  of  hours,  efpe- 

cially  in  cold  weather  151 
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CLXV II I.  Electrical  fluid  accelerates  the  growth  of  fe- 
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CLXXIII.  Artificial  fecundation  of  a bitch  — jgj 
CLXXIV.  Small  quantity  of  feed  fufficient  for  the  pur- 
pofe.  Highly  probable  that  the  quantity  of  feed  which 
occafions  fecundation  in  other  animals,  is  exceedingly 
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GENERATION  OF  THE  PLANTS  DENOMINATED  BY 
LINN2EUS,  SPARTIUM  JUNCEUM,  VICIA  FABA,  PI- 
SUM  SATIVUM,  DOLICHOS  U N GUICUL  AT  U S. 

I.  The  ovarium  of  plants,  chofen  by  the  author  as  the 

principal  obje£l  of  his  refearches,  and  propofed  to  be 
examined  at  three  periods  249 

II.  Seeds  of  the  fpartium  junceum  exift  long  before  fe- 

cqndation,  though  the  plantule  and  lobes  do  not  ap- 
pear — — 250 

III.  Neither  do  they  appear  in  feeds  about  to  be  fecun- 
dated, or  at  thè  time  they  are  fecundated  — 252 

IV.  A cavity  begins  to  form  in  the  feeds,  fome  time  af- 

ter the  falling  of  the  flowers,  and  in  this  appears  a lit- 
tle body,  at  firft  fhapelefs,  but  afterwards  known  to  be 
the  plantule  and  lobes.  Attachment  of  this  body  to 
the  feeds.'  Further  evolution  of  them,  the  plantuje  and 
lobes  — 253 

V.  Confequences  from  thefe  experiments,  which  {hew 
that  the  integuments  of  the  feeds  appear  before  fecun- 
dation, but  the  plantule  lobes  not  till  afterwards  254 

VI.  The  feeds  alfo  of  bears  exift  in  the  ovarium  before 
fecundation.  Cavity  is  formed  afterwards.  Appear- 
ance and  evolution  of  the  plantule  and  lobes,  mucila- 
ginous filament  which  connects  the  feeds  and  plantule 

3 — 255 

VII.  The  fame  phenomena  obferved  in  peafe  and  kidney 

beans  -rr— • 2.5  6 
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GENERATION  OF  THE  RAPHANUS  SATIVUS,  CICER 
ARIET1NUM,  IXIA  CHINENSIS,  DELPHINIUM  CON- 
SOLIDA, CUCURBITA  PEPO,  CUCUMIS  SATIVUS. 
EXAMINATION  OF  THE  POWDER  OF  THE  STAMINA. 

Vili,  IX.  Radifli  and  chick  peafe  agree  with  the  fore- 
going plants.  More  points  of  connexion  between  the 
feeds  and  plantule  ■ 25S 

X.  Exiftence  of  the  feeds  of  the  Ixia  Chinenfts  before  fe- 
cundation. A cavity  begins  to  form  in  the  feeds  about 
the  time  of  fecundation,  full  of  a liquor  which  is  gra- 
dually infpiffated,  and  at  length  becomes  hard,  without 
fliewing  any  appearance  of  plantule  and  lobes.  The 
enquiry  left  unfinifhed,  for  want  of  ripe  feeds  259 

XI.  Appearances  nearly  refembling  thofe  of  the  Ixia 

Chinenfts , in  the  Delphinium  confolida,  with  this  phaeno- 
mena  befides,  that  the  plantule  and  lobes  are.  difcerned 
in  the  condenfed  liquor  of  the  feeds.  Strong  fufpicion 
that  this  is  the  cafe  in  the  Ixia,  as  is  afterwards  veri- 
fied in  ripe  feeds  » 260 

XII.  Seeds  of  the  common  pumpion  appear  in  the  fruit 

long  before  the  female  bloffoms  are  expanded.  Ana- 
lyfis  of  thefe  feeds,  whence  it  might  be  fuppofed  that 
the  plantule  and  lobes  appear  before  fecundation.  Ana- 
lyfis  of  feeds  further  advanced  ; whence  it  appears,  that 
the  lobes  and  plantule  are  not  vifible  in  a month  after 
the  withering  of  the  flowers.  Mucilaginous,  and  ap- 
parently organized  body,  inferted  by  one  end  into  the 
plantule,  and  by  other  into  the  plantule  — 261 

XIII-  The  fame  phsenomena  in  the  feeds  of  the  cucum- 
ber. All  the  other  plants,  which  the  author  had  an 
opportunity  of  examining,  alfo  fhew  that  the  feeds  ap- 
pear before  fecundation,  and  the  lobes  and  plantule  af- 
terwards. Thefe  refults  correfpond  with  Duhamel’s 
obfervation.  Reafons  for  fuppofing  this  to  be  a law  of 
Nature  — — 264 

XIV.  The  non-appearance  of  the  plantule  in  feeds  be- 
fore fecundation,  feems  a plaufible  argument,  that  the 
plantule  paffes  from  the  pollen  to  the  feed.  Motives 
for  diftrufting  this  argument  — — 265 
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XV.  Upon  examining  the  component  parts  of  the  fe- 

cundating dull,  there  feems  no  reafon  to  think,  that 
the  embryos  are  concealed  within.  Means  imagined 
by  the  author  to  remove  all  doubt  — 267 
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PENERÀ T ION  OF  SOME  HERMAPHRODITE  AND  MO- 
NOICOUS  PLANTS,  ON  WHICH  THE  POLLEN  NEVER 
ACTED. 

XVI.  Lopping  oft*  the  anther®,  when  the  blofloms  of 

fweet  balli  are  about  to  open,  and  preventing  the  ac- 
cefs  of  the  pollen  of  other  individuals,  do  not  hinder 
an  individual  from  producing  the  fame  kind  of  feeds 
as  are  produced  by  others,  not  deprived  of  their  an- 
ther®   T — 27Q 

XVIII.  Reafons  for  fufpedting,  that  the  pollen  adls  as  a 
fecundating  principle  fome  time  before  the  opening  of 
the  flowers.  Verification  of  this  fufpicion  — ib. 

XIX.  The  total  want  of  pollen  produces  the  fame  effcdls 

upon  the  feeds  of  the  Hibifcus  Syriacus.  It  is  not, 
therefore,  the  pollen  which  conveys  the  embryos  into . 
the  feeds  of  thefe  two  plants  — r.  272 

XX,  XXI.  Seeds  of  the  pumpion,  with  fhield-form 

fruit,  independently  of  the  adtion  of  the  pollen,  pro- 
duce a plantule  and  lobes  -x  and,  when  fown,  other  fer- 
tile feeds  — 275 — 277 

XXII.  As  alfo  happens  in  the  feeds  of  the  citron- pump- 
kin, though  the  accefs  of  the  external  air  was  prevented 
— — 279 

CHAP,  IV, 
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AND  FEMALE  INDIVIDUALS,  ON  WHICH  THE  FE- 
CUNDATING DUST  WAS  PREVENTED  FROM  EXERT- 
ING ITS  INFLUENCE, 

XXIII.  Sufpicions  that  the  pollen  of  male  hemp  plants 
is  not  neceflary  to  the  fecundation  of  female  individuals 
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XXIV, 


INDEX. 


XXIV,  Other  fufpicions  Itili  ftronger  — 283 

XXV,  Experiments  of  a French  anonymous  writer  284 

XXVI,  XXVII,  XXVIII.  Experiments  on  confined  fe- 
male plants  of  hemp  286 — 293 

XXIX.  Perfedf  fructification  of  hemp,  entirely  indepen- 

ent  of  the  adtion  of  the  pollen  — 294 

XXX.  Infulated  female  fpinaches  produce  fertile  feeds 
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XXXI.  XXXII.  Experiments  to  the  fame  tendency  297 

: — 298 

XXXIII.  Experiments  of  different  tendency  with  female 
plants  of  mercury  — <-  299 

XXXIV.  Approximation  of  the  male  individuals  tends 
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RECAPITULATION.  REFLECTIONS, 

XXXVII.  The  confequences  of  thefe  fadts  are,  firft,  that 
the  embryo  does  not  at  all  depend  for  its  exiftence  up- 
on the  powder  of  the  {lamina  • therefore,  fecondivi 
the  embryo  exilts  in  the  ovarium  independently  of  this 
powder  ; thirdly,  nor  is  it  the  refult  of  two  principles, 
one  depending  on  the  pollen,  and  the  other  upon  the 
piftil,  as  others  fuppofe  — — 304 

XXXVIII.  Whether  the  embryo  is  formed  mechanically 
in  the  ovarium,  or  pre-exiffs  there.  Reply  to  forr.e 
feeming  proofs  of  fuch  a formation  ; diredl  proofs, 
that  though  the  embryo  does  not  appear,  it  really 
exifts  ; and  when  its  organization  cannot  be  feen,  it  is 
really  organized  — — 306 

XXXIX.  As  the  embryo  is  in  mod:  cafes  vifibly  attached 
to  the  feeds,  there  is  reafon  to  fuppofe,  that  it  always 
is,  though  the  connecting  media  are  either  too  finali, 
or  too  tranfparent  to  be  vifible.  As  the  embryo  and 
lobes  thus  form  one  whole  with  the  feeds,  and  as  the 
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feeds  exift  before  fecundation,  it  is  highly  probable  that 
the  embryo  pre-exifts  likcwife  — 310 

XL.  The  fame  confequence  deduced  by  Mr.  Bonnet 
from  a fimilar  obfervation.  We  cannot,  notwith- 
standing, hope  to  difcern  the  embryo  before  the  open- 
ing of  the  bloIFoms  — — 312 

XLI.  This  pre-exiftence,  which  has  been  fnewn  in  fome 
plants,  probably  takes  place  in  all  ^ — 314. 

XLlI,  The  phenomena.  of  ball],  and  especially  thofe  of 
mercury,  prove  the  neceffity  of  pollen  to  the  fecunda- 
tion of  thefe  plants.  A phsenomenon  of  the  fame  kind 
obferved  formerly  on  a female  turpentine-tree  315 
XLIil.  A palm  artificially  fecundated  by  Mr.  Gledifttch. 
The  author’s  wifh,  that  experiments  of  the  fame  fort 
were  made  on  mercury:  and  that  that  part  of  the  pol- 
len, which  occafions  fecundation,  lhould  be  determined 


XLIV.  And  that  Mr.  Adanfon’s  opinion,  that  the  molt 
minute  particle  of  duft  is  fufficient  for  fecundation, 
fhould  be  brought  to  die  teff  of  experiment  319 

XL'V.  And  that  it  fhould  be  tried  upon  mercury  whether, 
as  in  Mr.  G.leditfch’s  experiment,  dry  pollen  will  an— 
fwer  the  purpofe,  and  how  long  it  retains  its  virtue. 
Rea fons  for  iuppofing  that  this  virtue  does  not  laft 
long,  efpecially  where  the  pollen  is  expofed  to  the  in- 
juries of  the  atmofphere  — — 320 

XL VI.  And  to  inquire,  how  the  pollen  pafics  into  the 
ovarium  ; and,  at  the  fame  time,  to  try  the  validity  of 
an  hypothefis  of  Mr.  Adanfon,  and  likcwife  to  deter- 
mine, whether  the  piftils  of  mercury,  and  fonie  other 
plants,  are  imperforated,  as  he  pretends  — 322 

XLVil.  The  non-appearance  of  du£Is  in  certain 
plants,  is  not  a clear  proof  of  their  non-exiflence. 
How  they  may  be  feen  at  fonie  feafons,  and  not  at 
others,  inflances,  in  the  ovidudls  of  certain  animals. 
At  what  feafon  they  fhould  be  fought  for  — 324 

XL  Vii  I.  To  attempt  artificial  fecundation  on  thelea\es 

and  roots,  &c.  of  mercury  327 

XL1X.  If  mercury  and  balli  requiie  pollen,  for  their  fe- 
cundation, the  two  fpecies  of  pumpion,  hemp,  and  fpi- 
nach,  are  contrary  inftances.  The  fniallntfs  and 
paucity  of  fertile  feeds  of  hemp,  procured  in  a clofe 

apartment, 
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apartment,  do  not  depend  on  the  abfence  of  pollen* 
General  confequence,  that  if  many  plants  require  the 
adiion  of  pollen  for  fecundation,  others  do  not  327 
L,  LI,  LII,  LIII.  Reply  to  objedtions  that  maybe  ftarted. 
Defediive  mode  of  reafoni  ng,  hitherto  employed  to 
maintain  the  diftinótion  of  fexes  — 330 — 335 

LIV.  This  defedt  common  among  fyftematic  writers. 
— Different  ways  in  which  an  adherent  of  fyftem,  and 

an  obferver,  examine  Nature  336 

LV.  Some  plants  requiring  pollen,  and  others  not,  is 
perfectly  conformable  to  what  we  every  day  obferve  in 
animals  — — — ^ 337 

LVI.  Highly  improbable,  that  the  fertile  feeds  obtained 
by  the  author,  fhould  be  the  product  of  antecedent  fe- 
cundation. Confiderations  in  proof  of  this  338 

LVII.  Though  it  is  proved,  that  the  pollen  does  not  er- 
fedt  the  fecundation  of  the  above-mentioned  plants, 
the  author  does  not  altogether  deny  the  poffibility  of 
fome  fort  of  fecundation  ; perhaps  the  piftil  has  a 
fecundating  principle.  Reafons  for  this  conjedture. 

Exhortation  to  botaniffs.  340 

LVIII.  Herbaceous  plants  are  a clafs  of  organized  beings, 
which  deferve  to  be  better  known  to  Naturalifts,  for 
little  more  is  known  of  them,  than  the  bare  nomen- 
clature. How  much  a fpirit  of  obfervation  and  expe- 
riment is  to  be  preferred  to  the  knack  of  nomencla- 
ture, if  we  wifh  to  increale  the  ftores  of  ufeful  know- 
ledge   ■■■■■-  342 
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TRANSLATION 


OF  THE 

LATIN,  FRENCH,  and  ITALIAN 
Passages'  in  this  Volume. 

C 

Page  g,  Neither  fecundation  or  impregnation  of  the 
egg,  takes  place  in  any  living  body  in  Nature  without  the 
body  of  the  female. 

Page  46.  Alt  things  were  created  good. 

Page  go.  The  male  frog,  firmly  feated  on  the  female, 
waits  for  difcharge  of  the  eggs  ; he  then  emits  his  em- 
bryos, fuch  as  I oblerved  them  3 they  attach  themfelves 
to  the  eggs,  and  feed  upon  them  for  a few  days,  till  they 
are  capable  of  taking  coarfer  food.  Thefe  embryos  re- 
tain the  figure  which  they  had  in  the  vehicle  of  the  male 
for  about  a month  ; they  then  change  their  fhape  like  filk- 
worms,  Their  hind  feet  are  next  developed  and  fepa- 
rated  3 the  hind  feet  were  at  firfl:  united,  and  formed  the 
tail  of  the  tadpole. 

Page  92.  !.  15.  He  advances  as  ferious  truths,  tales 
equally  ridiculous  with  thofe  told  by  old  women,  as  they 
fpin  by  the  fire- fide. 

Ib.  1.  25.  I will  therefore  venture  to  affert,  not  only 
that  Gautier  had  made  little  proficiency  in  the  anatomy 
of  the  frog,  but  that  he  was  fcarce  acquainted  v/ith  the 
external  form  of  this  animal. 

lb.  1.  34.  Were  it  poffible  that  Gautier  fhould  relate 
his  difeoveries  to  Pythagoras,  I firmly  believe,  that  he 
would  enjoin  him  filence,  not  for  two  or  for  five  years,  but 
for  ever. 

Page  98.  As  often  as  the  female  difeharges  any  eggs, 
the  male  bedews  them  with  feed,  as  I have  repeatedly  ob- 
ferved  at  my  houle,  with  fome  admiration. 

Page  104.  I refign  this  Dr.  Pirri  to  you,  He  is  in 
good  hands,  and  you  will  be  l’ufficiently  able  to  defend 
the  good  cuufe  of  Nature.  It  is  always  a mark  of  te- 
mer jty  to  attack  experiments  by  reafoning. 

Pa^rf 
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TRANSLATION,  &c. 

Page  105.  Laftly,  we  have  a demonftration,  which 
diredtiy  prqves  the  exiftence  of  the  young  in  the  female, 
at  leaft  in  birds.  For  the  inteftine  of  the  young  bird  is  a 
continuation  of  the  membrane  of  the  yolk,  and  the  in- 
ternal coat  of  the  inteftine  is  a continuation  of  the  epi- 
dermis, the  external  of  the  fkin  : in  fhort,  it  is  the  fame 
as  the  membrane  of  the  yolk.  ‘ 

Page  199.  Nature,  when  I have  been  contemplating 
her,  has  often  perfuaded  me  to  fuppofe  nothing  incredible 
which  relates  to  her. 

Page  331.  Should  the  hemp,  producing  male  flowers, 
be  pulled  before  the  feminilerous  individuals  have  opened 
their  piftiliferous  flowers,  there  will  either  be  no  crop  of 
feeds,  or  only  a very  fmall  one. 

Page  337.  We  diftinguifh.  the  obferver  from  the  ad- 
herent of  fyftem.  The  latter  builds  whole  fyftems  upon 
a certain  number  of  fpecies  : he  concludes  from  parti- 
culars to  generals,  that  is,  he  afligns  to  all  plants  the 
fame  properties  as  are  poflefled  by  thofe  upon  which 
experiments  have  been  made.  The  obferver  rejects  all 
theories,  and  relies  on  obfervation  and  experiment  alone. 
The  perfection  of  botany  eflentially  depends  on  the  know- 
ledge of  individuals  related  to  each  other,  and  their  cha- 
radteriftics.  This  knowledge  will  be  acquired  in  propor- 
tion as  the  numbers  of  obfervers,  which  is  very  ìncon- 
fiderable,  filali  increafe,  and  the  croud  of  fyftem-makers 
Arali  be  leflened.  Syftems  of  botany  become  obfolete  in 
time,  becaufe  they  are  not  chiefly  founded  on  Nature  and 
experiment. 

Page  344..  Pie  was  of  opinion,  that  Natural  Hiftory 
does  not  conftft  in  a catalogue  of  animals,  plants,  and 
foffils,  but  in  the  knowledge  of  their  qualities.  He 
therefore  taught  their  ftrudture,  analyfis,  .properties  and 
ufe,  without  negledting,  however,  fuch  marks  as  may 
enable  us  to  arrange  them  in  an  index.  Thofe  who  com- 
mit to  memory  nothing  but  fuch  indexes,  or  are  dexterous 
in  turning  them  over,  in  vain  perfuade  themfelves,  that 
jthcy  are  in  pofleflion  of  the  book  of  Nature. 


I 


ERRATA. 

P.  6.  for  ix,  read  in — P.  7.  for  fetujfes,  read  fetufes  P.  S.  for  frog's  fad* 
read  frog's  /pawn — P.  14.  1.  6.  and  elfewhere,  for  amnios  read  amnion — P. 
17.  1.  3.  for  tbefe  read  the— P.  19  1.  20.  for  is  read  be — P.  80.  1.  1.  for  they 
are  not,  read  that  they  are — P.  97.  1.  laft,  for  on  read  in — P.  108.  1.  33. 
after  not  infert  fo — P.  160.  for  had  no  concern,  it  feems  better  to  read  were 
net  prefent — P.  184.  for  con-verted,  read  condenfcd — P.  319. 1.  25.  for  -was, 
read  -were — P.  322.  for  one  read  a — P.  337.  for  immortality,  tend  perpetuity 

N.  B.  In  a Paflage,  which  the  Tranflator  cannot  now  find,  for  impreg- 
nated, read  unimpregnated.  The  Context  will  eafily  enable  the  Reader  to 
make  this  Correction  in  the  proper  Place. 

There  are  alfo  a few  Improprieties  in  the  Punctuation,  which  the  Reader 
is  alfo  defired  to  correli. 
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